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ABSTRACT
Background

Globally and in India, elderly population is on the rise, injuries due to fall are associated
with increased mortality and morbidity in the elderly. Kerala is ageing faster than the rest
of India because of its advanced stage of epidemiological and demographic transition.
Challenges associated with the rising older population, an increase in health care
expenditure and significant impact on the life quality of older people can be a cause of
concern for health authorities. OH is a neuro-cardiovascular instability affecting one in
every five of the elderly living in the community. Studies estimating the prevalence of OH
and association of OH with frailty and fall are lacking among community dwelling elderly,
especially in India.

Methodology

A cross-sectional study was conducted among 240 community dwelling elderly (60 years
and above) living in urban and rural wards of Thiruvananthapuram, Kerala. The
participants were randomly selected by multi stage sampling equally from rural and urban
wards of Thiruvananthapuram district. Multiple logistic regression analysis was conducted
to assess the independent association of OH and number of co-morbidity. Odds ratios and
their 95 percent confidence intervals were used to measure the strength of association.

Result

The prevalence of OH, OHT, Frailty in our study 9.6 percent, 12.1 percent and 29.2 percent,
respectively. Ol among all study participants was 19.6 percent, and among participants with
OH was 19.1 percent. Total number of comorbidities, diabetes mellitus and cognitive
impairment were factors associated with OH (OR = 1.5 (1.08-2.09), 3.54 (1.10-11.34) and
4.71 (1.41-15.75)) respectively) after adjusting for age, gender and frailty. Orthostatic
hypotension was not associated with frailty, but gender specific analysis showed men with
frailty was likely to have OH at the first minute (OR=5.92 (1.73-20.28)). OH at first minute
showed association with fall in the last year (OR=1.97 (1.05-3.72). Ol was found to be
associated with frailty and fall in the last year (OR=7.65 (3.81-15.38) and (OR=4.29 (2.19-
8.44).

Conclusion

Increase in the number of co-morbidity may be an independent risk factor for OH. Our
study found that one in every ten older adults is likely to have OH or OHT. Three in every
ten older adults will be frail and four in every ten elderly has fallen in the previous year.
Frailty may be a risk factor for orthostatic hypotension at the 1% minute. OH and OHT are
readily diagnosable and remediable condition associated with negative outcomes. Hence,
People with comorbidities and people who have cognitive impairment should be actively
checked for OH and OHT.

Vil



CHAPTER -1

INTRODUCTION

Background

WHO defines Healthy Ageing ““as the process of developing and maintaining the functional
ability that enables wellbeing in older age” (World Health Organization, 2005). There is no
single definition for old age, the construction by which each culture makes sense of old age
is different in each society and it varies from place to place. Mostly it is chronological time
and in some cases, it’s the loss of roles or a physical decline or roughly retirement age, in
essence, old age begins at a point when active contribution is no longer possible (Gormon,
1999). The chronological age of 65 years is the definition of elderly in most of the

developed countries but for India it is 60 years (World Health Organization, 2007).

Ageing is a preordained biological process which is inevitable. Nonetheless, the
phenomenon of ageing, an inexorable cause of demographic transition now coupled with
the epidemiological transition is becoming a major concern, because of the varied

implications of the problems arising, especially for developing countries.

Ageing -Global scenario

By 2050, the global population of people aged 60 or older is expected to reach 2.1 billion
compared to 2015 (Figure 1A). Interestingly, projections suggest that more than 80 percent
of the older people in the world will live in Low and Middle-Income Countries by the year
2050. On the contrary, the older population itself is ageing. The “oldest-old”, or people
above 80 years of age, have been increasing steadily, and have nearly tripled from 54
million in 1990 and to 143 million in 2019. It is projected to triple again between 2019 and

2050 to reach 426 million (United Nations, 2019).



Ageing -Indian scenario

In India, elderly population has increased from 76 million in the year 2001 to 104 million
in 2011 (Chandramouli and General, 2011) and is expected to rise drastically over the

coming years (Rajan, 2006) to 301 million in the year 2050 (Figure 1B).

o =

25
1

2
]

— median

= §0% prediction interval
=+ 95% prediction interval
= obsered

+-0.5 child
60 sample trajectories

Fopulation {million}

400 450

= median
= = B0% prediction interval
<= 05% prediction interval
— obsened
== +-05child
60 sample trajectories

Population {billion)

1.8

1 |

50 100 150 200 250 300 350

a
-
G‘R
.-a’
—a
..... a-a=

o
1

T T T T T T T T T T T T T T T T T T T T T T
1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050 1950 1960 1970 1980 1990 2000 2010 2020 2030 2040 2050

Figure 1 Projected rise in elderly population (Age 60+) (A) World-wide and in (B) India
Source: (DESA, 2019 (https://population.un.org/wpp/Graphs/Probabilistic/POP/60plus/356))

Ageing - Kerala scenario

Kerala is ageing faster than the rest of India. It has the largest proportion of the elderly
population in India, 12.6 percent in 2011 (Chandramouli and General, 2011), which is
anticipated to increase to about 37 percent by 2051 (Rajan, 2006, Figure 2). In 1961,
persons aged 60 or over were 5.1 percent lower than the national figure of 5.6 percent. But
since 1970, elderly population rose and by 2001, Kerala’s figures were at 9.8 percent
compared to the national figure of 7.5 percent (Rajan, 2006). This was largely due to the
economic wellbeing and development of a better health care system (Kumar, 1993).
Currently, 42 lakh people of Kerala are aged 60 or above, of which 13 percent are above
80 years. Women outnumber men among the 60 plus and among them, the majority are

widows.
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Figure 2 Projected rise in the proportion of elderly in Kerala compared to India

Source: (Johnson and Rajan, 2006; Rajan, 2006; Rajan et al., 2003)

Ageing population and challenges

India is now facing an epidemiological transition where injuries and non-communicable
diseases are the driving forces behind the increased mortality among the elderly. Injuries
claim the lives of one-fifth of the elderly every year. Fall is the second leading cause of
inadvertent deaths because of injury among the elderly, and more than half of the fall-
related deaths globally are among elderly people. Injuries often lead to disabilities, long-
term confinement to bed or even death. Such conditions encumber health systems and limit

their efforts unless better cost-effective interventions are a prospect.

The proportion of the elderly is rising steadily in Kerala and the projected figures are
alarming because Kerala is already at an advanced stage of epidemiological transition
characterized by low mortality and high morbidity (Kumar, 1993). The 60" round of NSS
found that about 64 per thousand of elderly in rural areas and 55 per thousand in urban

areas suffer from one or more disabilities (Central Statistics Office, 2011). Kerala is



expected to face the challenges associated with the rising older population much before the
other states of India (Peters et al. 2003) and consequently, there will be an increase in health
care expenditure and significant impact on the life quality of older people as experienced
in the west (Hartholt et al., 2011; Poon and Braun, 2005). This can be a cause of concern
for health authorities, solely due to the fear of prospective augmented burden by the adding
population, especially in our resource constraint settings. Living longer comes at a cost on
an individual’s health, as with age, we become more vulnerable to age-related diseases and

morbidity associated with them.

One such morbid condition is Orthostatic Hypotension (OH) previously known as postural
hypotension. OH can be defined in hemodynamic terms (based on blood pressure (BP)
changes with or without consideration of heart rate changes), clinical terms, based on

symptoms of orthostatic intolerance (OI) or mixed terms.

The OH is a neuro-cardiovascular instability; which clinicians have often implicated in the
aetiology of fall in older people (Shaw et al., 2019). One among every five community-
dwelling elderly and one among every four elderly in long-term care, are affected by OH
(Saedon et al., 2020). OH is a predictor of syncope, stroke (Rose et al., 2000),
cardiovascular diseases (CVD) (Fedorowski et al., 2010; Rose et al., 2010), and early
mortality (Masaki et al., 1998). One that defies our understanding is the relationship
between OH and fall. A fall in elderly leads to grievous injuries or death and may lead to a
significant reduction in the quality of life in elderly by limiting their functioning’s in the
form of temporary or permanent disability (World Health Organization, 2011). A
systematic review by Heinrich et al. indicates that 0.85-1.5 percent of all healthcare-related
expenditures are dedicated exclusively to the magnitudes of falls (Heinrich et al., 2010).
Hence, identifying the risk factors that lead to falls is an important aspect of geriatric
healthcare delivery (Bousquet et al., 2017). A recent systematic review by Mol et al.

4



suggests that OH is strongly associated with falls in older adults, pointing to the clinical
relevance of OH and potential use of OH treatment to reduce falls (Mol et al., 2019). Frailty
is considered as a syndrome characterised by dysregulation of multiple biological systems,
accumulation of deficits, vulnerability to stressors and adverse outcomes. Studies have
shown an association of Frailty with lower systolic blood pressure (SBP) and diastolic
blood pressure (DBP). A trend towards a relationship between OH and frailty was largely

explained by age (O'Connell et al., 2015).



REVIEW OF LITERATURE

The contents of this section result from the literature review, done through a broad search
on PubMed, Google Scholar, Government of India, World Health Organisation, United

Nations websites and other related documents cited in the text.

ORTHOSTATIC HYPOTENSION (OH)/ POSTURAL HYPOTENSION

The OH can be defined depending on the time of onset of symptoms into classical, initial
and delayed (progressive) and can be of neurogenic and non-neurogenic origin(European

Society of Cardiology et al., 2009).

Classical/Consensus OH (COH) - is defined as “a decrease in SBP by at least 20 mmHg or

a decrease in DBP by at least 10 mmHg within 3 minutes after changing from supine to a
standing position, ideally measured with a continuous BP device” (The Consensus
Committee of the American Autonomic Society and the American Academy of Neurology,
1996). An updated consensus statement revised the SBP cut-off to 30 mmHg in patients

with supine hypertension (Freeman et al., 2011).

Initial OH (I0OH) - is defined as a transient blood pressure decrease, within 15 seconds after

standing, of more than 40 mmHg in SBP and/or more than 20 mmHg in DBP, with

symptoms of cerebral hypoperfusion (Wieling et al., 2007).

Delayed (or progressive) OH - is defined as a decrease in SBP beyond three minutes of

assuming an erect posture (Gibbons and Freeman, 2015).

Non-Neurogenic causes of OH include hypovolemia, cardiac pump failure, and venous
pooling. (Palma and Kaufmann, 2020) while neurogenic causes of OH which are more
severe and have a worse prognosis (Goldstein and Sharabi, 2009) primarily include

malfunction of the autonomic nervous system such as multiple system atrophy, Parkinson’s



disease, pure autonomic failure, Lewy body dementia, Dopamine [-hydroxylase
deficiency, Familial Dysautonomy/ Riley-day syndrome, and non-diabetic autonomic
neuropathy (Berger and Kimpinski, 2014). Secondary neurogenic causes can include
peripheral neuropathies such as diabetes mellitus, amyloidosis, alcoholic polyneuropathy,
Guillain-Barre syndrome, B12 / folate deficiency, Paraneoplastic syndrome, Human

immunodeficiency virus (Freeman et al., 2018).

Fedorowski OH (FOH) - In an attempt to increase the clinical accuracy of the COH

definition, an adjustment to the definition of COH was proposed by Fedorowski et al. They
defined FOH as a 30 mmHg cut-off in SBP drop in subjects with baseline supine SBP >
160 mmHg, and a cut-off of 15 mmHg in subjects with SBP < 120 mmHg (with the DBP

criterion remaining as in the original COH definition). (Fedorowski et al., 2010).

Mechanism and Pathophysiology-OH is a decrease in BP upon standing that reveals
impaired hemodynamic homeostasis. An active postural change triggers a baroreceptor-
mediated response, which leads to an increase in heart rate, myocardial contractility, and
peripheral vascular resistance in response to the shifting of a considerable amount of blood
(300-800 ml) to the venous system below the diaphragm, mainly in the splanchnic venous
system to the pelvis leading to decreased venous inflow and cardiac output volume,
resulting in hypoperfusion and a drop in BP (Medow et al., 2008; Thijs et al., 2010). The
BP normally stabilises within one minute (Ricci et al., 2015). If a person stays in the
standing position, the extravasation of the plasma into the sub-diaphragmatic space occurs,
which reduces the amount of circulating volume by about 15 percent, and cardiac minute
volume by over 20 percent and lowers BP (Fedorowski and Melander, 2013). When
baroreceptor-mediated autonomic responses are absent or inadequate to maintain BP upon

standing or if the blood volume is insufficient to support a ventricular filling, brain



hypoperfusion and OH can occur (Feldstein and Weder, 2012). The aetiology of OH is
multifactorial; the decrease of baroreceptor sensitivity, pure autonomic failure, the use of
different medications, hypovolemic disorders, and bed rest, all can be considered as causes
of OH (Feldstein and Weder, 2012; Luukinen et al., 1999; Medow et al., 2008; Weiss et al.,
2006; Woolcott et al., 2009). Among elderly, the normal age-related impairment of the
baroreflex sensitivity, the higher prevalence of comorbidities, and the use of different
medications are the prime reasons for the higher prevalence of OH (Feldstein and Weder,
2012; Ricci et al., 2015).

Epidemiology- OH is the second most common disorder of BP after essential hypertension,
in community-dwelling elderly above the age of 60 years. Prevalence of OH increases with
advancing age (Freeman et al., 2011; Hiitola et al., 2009), with the population (Eigenbrodt
et al., 2000; Hiitola et al., 2009) and changes with sex (Kamaruzzaman et al., 2009; Masaki
et al., 1998). The prevalence of OH was found to be considerably higher (over 50%) in
patients attending geriatric clinics (Poon and Braun, 2005), admitted to acute hospitals
(Vloet et al., 2005) and residing in nursing homes (Iwanczyk et al., 2006). The OH related
studies among community dwellers are scarce from LMIC. The variation in the prevalence
of OH across different elderly populations and among community-dwelling elderly among

developed countries are shown in Table 1and 2, respectively.

Table 1 Study Population Based Prevalence of OH

Population OH Prevalence (%)
Community dwellers 5- 34
Nursing home residents 18- 50
Hospitalized patients 8-67




Table 2 Prevalence of OH in Community-living individuals from developed countries

Year First author Country Sample Mean OH OH
size Age  definition prevalence %

1992 Rutan USA 4931 64.3  At3min 16.2

1995 Raiha Finland 318 73.7  At3min 28

1996 Wu Taiwan 728 51 At 1 min 16.3

1998 Masaki USA 3522 71-93 At 3min 6.9

2000 Eigenbrodt USA 11707 538 At 1/3/5 4.6
min

2004 Luukinen Finland 792 76 At 1/3min 30

2004 C Shin South 8908 40-69 At0/2min 13.8

Korea

2006 Rose USA 13152 54 Within 5.1
2min

2006 Mattace-Raso Netherlands 3362 >55 Within 215
3min

2008 Verwoert Netherlands 5064 68.1 At 1/2/]3 17.8
min

2008 Wu Taiwan 1638 >70 At 1/3min  15.9

2008 Yap Singapore 2294 65.5  At3min 16.6

2009 Hiitola Finland 653 81 At1/3min 34

2009 S.Kamaruzzaman UK 3,775 60-80 W.ithin 28
3min

2011 Fedorowski Sweden 32,669 45.6  Within 6.1
3min

2011 Gangavati USA 722 78 At1l/3min 6

2012 Jones USA 12363 54 Within 5
2min

2012 Rockwood Canada 1347 83.3  Within 17.7
3min

2013 Regan Ireland 3144 69.3  Within 7.63
1 min

2013 Agarwal USA 12071 45-64 At2min 5

2014 Casiglia Italy 1016 71.7  Atl/3min 16.5

2014 Alagiakrishnan USA 3510 74 At 25.2
3min/Ol

2014 Elmstahl Sweden 1480 68 At1/3/5/10 18

2014 Frewen Ireland 5936 61.9 Atlmin 6.1

2015 O’Connell Ireland 5692 63 At 3min 6.1

2016 Curreri Italy 1408 714  At1l/3min 18.3

2016 Wolters Netherlands 6204 685 At 1/2/3 18.6
min

2017 H.L.Ong Singapore 2266 >60 At2min 7.8

2018 Ko USA 1736 71.7 At2min 148




Clinical features

The OH can be asymptomatic or symptomatic. Symptoms occur when a postural change
happens from a lying or sitting posture to an upright position. Dizziness and a feeling of
weakness are the usually reported symptoms. However, symptoms can often be nonspecific
such as exhaustion, generalized weakness, nausea and headache. Due to retinal ischemia in
the occipital lobe, blurred vision may occur, resulting in ischemia trapezius of neck
muscles- the coat-hanger sign; neck pain, pain in sub-occipital and shoulder area usually
follows, after standing for a long time. In older people, it leads to visual disturbances and
makes them predominantly prone to fall (Lanier et al., 2011). The clinical picture has no
particular predictive value since older patients take multiple medications which may cause
similar side effects, and in the elderly, often comorbidities are present whose symptoms
often overlap with the symptoms of OH. All symptoms occur at standing and may be
worsened by prolonged standing, exhaustion, and elevated environmental temperature.
(Freeman, 2008). Symptoms of cerebral hypoperfusion like light-headedness, dizziness, or
syncope which follow OH and the amount of decrease in BP is related to whether the patient
experiences orthostatic complaints (Ricci et al., 2015).

Measuring orthostatic hypotension

For determination of OH, four methods are recommended: bedside orthostatic test, head-
up tilt testing (HUTT), ambulatory BP monitoring (ABPM) and home BP monitoring

(HBPM).

The bedside orthostatic test is the method of choice for diagnosing OH, easy to perform
and inexpensive. Active standing up (lying to standing) is the gold standard, it can be
performed in sitting to standing and lying to sitting position (Naschitz and Rosner, 2007,
Ricci et al., 2015). HUTT is a non-invasive tool for diagnosing syncope or orthostatic

10



intolerance by swiftly moving the patient from a flat to an upright position (Teodorovich
and Swissa, 2016). Twenty-four-hour ABPM is widely used, diagnosis OH based on
diurnal variation of systolic and diastolic BP (Parati et al., 2014). HBPM an easy, feasible
and inexpensive method is a common recommendation for BP in a sitting position (Cremer
etal., 2019). Many elderly patients often cannot stand for several minutes; therefore, sitting
orthostatic BP measurements have to be a substitute (Hartog et al., 2015). Although less
precise than beat to beat BP, automated sphygmomanometers are commonly used for

measuring OH for the ease of their use in daily practice (Caine et al., 1998).

Clinical implications

OH is a predictor of syncope, stroke, CVD, and early mortality in the elderly and has been
linked to increased mortality, CVD, cognitive impairment, fall and hospitalizations.

OH and Falling—Syncope is a reason for fall, and OH is common in patients with syncope.

The prevalence of OH in the elderly is high (Masaki et al., 1998). Most studies show that
OH is a risk factor for fall in older people (Ooi et al., 2000). Although a systematic review
by Ganz et al. had shown that OH does not predict fall (Ganz et al., 2007) but recent
systematic reviews have shown a positive association of OH with fall (Mol et al., 2019,
2018). OH has been found as a vital risk factor in causing fall in older adults with
hypertension (Gangavati et al., 2011). The risk of fall is a complex and multifactorial
phenomenon and OH is e pluribus unum of risk factors believed to contribute to an

increased risk of falling in the elderly. (Shaw et al., 2019; Shaw and Claydon, 2014).

OH and mortality- The OH was identified as an independent predictor of all-cause mortality

in the Honolulu Heart Program (Masaki et al., 1998; Schatz, 2002). A study revealed the
diastolic OH at 1 minute and systolic OH at 3 minutes after orthostasis as predictors of
vascular death (Luukinen et al., 1999). Coherently, OH was confirmed as an independent
risk factor for all-cause mortality by the ARIC study and the Malmo Preventive Project and

11



OH has also been identified as a risk factor for death among elderly attending hospital
(Rose, 2010; Verwoert et al., 2008; Xin et al., 2016; Masaki et al., 1998). It has been found
that older patients with DM and having OH have a higher risk of vascular death in
comparison to those without OH (Luukinen et al., 2004).

OH and cardiovascular disease - The OH has been described as a marker of the decreased

cardiovascular reserve (Shannon et al.,, 2002) and as a condition for increased
cardiovascular risk in a number of studies (Fedorowski et al., 2010; Rose, 2010; Verwoert
etal., 2008). Hypertension and antihypertensive medication have been mentioned as causal
factors for OH in elderly patients (Mattace-Raso et al., 2006, 2007). The ARIC study
confirmed OH as an independent risk factor for ischaemic stroke (Rose et al., 2000).

OH and Cognition- A Finnish community-based study ruled out the association of OH with

cognitive deterioration (Viramo et al., 1999), similar to a report from China by Yap et al.,
however among the hypotensive subgroup, OH increased the odds of cognitive impairment
(Yapetal., 2008). OH has been suggested as a marker for disease progression and cognitive
decline in patients within Parkinson’s disease (Allcock et al., 2006).

OH and Polypharmacy - OH has been related with BP treatment and specific classes of

anti-hypertension agents, such as a-1-blockers, diuretics, and B-blockers (Milazzo et al.,
2012). Nifedipine, a calcium channel blockers is especially known for its action of
increasing sodium excretion at night, which causes morning OH (Feldstein and Weder,
2012). Beta-blockers could potentially interfere with several aspects of the compensatory
arterial baroreflex arc, although the mechanism by which beta-blockers causes’ impaired

BP stabilisation is not clear (Valbusa et al., 2012).

Orthostatic Intolerance (OI) - OH possibly causes symptoms of Ol like dizziness, light-

headedness, visual disturbances and/or loss or near-loss of consciousness (Craig, 1994;

Sahni et al., 2005). Ol symptoms may associate with the lowest symptoms of base BP on

12



orthostasis, with the rate of change in BP and the magnitude of BP drop (Naschitz and
Rosner, 2007). Seventh Report of American Joint National Committee (JNC) on
Prevention, Detection, Evaluation and Treatment of High BP suggested including all
symptoms which occur during the drop in BP which doesn’t come under the stringent
definition of OH as articulations of probable OH (Chobanian et al., 2003). Despite marked
BP changes in patients with dementia, Ol may not be reported (Passant et al., 1996);
however, it can also happen sometimes with cognitively intact patients (Arbogast et al.,
2009). Clinical complaints of Ol may be caused by conditions other than OH, such as

vestibular dysfunction (Aoki et al., 2008) or psychosomatic disorders (Nozawa et al., 1998).

ORTHOSTATIC HYPERTENSION (OHT)

OHT refers to a significant BP elevation in the vertical position compared to a supine or
sitting position, which suggests an abnormal regulation of BP during postural changes
(Streeten et al., 1985). Like OH, OHT also occurs more frequently in the elderly (Veronese
et al., 2015). Majority of the studies have defined OHT as an increase in SBP of 20 mmHg
after the postural change as a cut-off point since there is no official definition for OHT. The
PARTAGE (Predictive Values of BP and Arterial Stiffness in Institutionalized Very Aged
Population) study revealed that escalation in SBP during standing position occurs
frequently and is associated with higher cardiovascular morbidity and mortality in an old
frail population, independently of sitting BP levels and major comorbidities (Agnoletti
Davide et al., 2016). OHT is an emerging risk factor for organ damage and cardiovascular
disease (Kario, 2013, 2009). Hence, OH and OHT may be related to cerebrovascular
infarction and with measurable neurocognitive deficits independent of the presence of

essential hypertension. Baroreflex failure can also contribute to OHT (Kario, 2013).
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FRAILTY

Definition - Clinicians identify frailty in older adults as an entity with different
manifestations, with no single symptom being sufficient or essential in its presentation
because of its syndromic nature (Rockwood, 2005). Gobbens et al. proposed a theoretical
definition of frailty “A dynamic state affecting an individual who experiences losses in one
or more domains of human functioning (physical, psychological, social), which is caused
by the influence of a range of variables and which increases the risk of adverse outcomes”

(Gobbens et al., 2010).

Epidemiology - Frailty is an emerging geriatric syndrome set to reach epidemic
proportions over the next few decades due to the rapid ageing of the global population
(McCullers, 2008). Like OH, its prevalence increases with age, depends on the population
and the definition used. The French Three-City study found the prevalence of frailty to be
7 percent in community-dwelling adults aged 65 or more (Avila-Funes et al., 2008) using
Fried’s criteria. Prevalence of frailty was 8.5 percent among women and 4.1 percent among
men in the Hertfordshire Cohort Study of UK (Syddall et al., 2010). Prevalence of frailty
was estimated to be 10.3 percent in the Spanish urban old (Moreira and Lourenco, 2013).
Prevalence of frailty was found to be 22.7 percent in community-dwelling elderly aged 65
or more in Canada by the National Population Health Survey of Canada, using a frailty
index approach (Song et al., 2010). In India, the prevalence of frailty was found to be 11.4
percent as per Fried’s frailty model and 26.1 percent when multidimensional frailty model
as per the 10/66 population-based cohort Study (AT et al., 2015).

Frailty measurement tools

Many frailty measurement tools have been developed in clinical practice and research, as

listed in Table 3.
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Table 3 FRAILTY MEASUREMENT TOOLS

Year Author Measure name Measure components Validation sample
1991 Winograd et al. Rapld_ Clinical geriatric assessment Male In patients
screening tool aged > 65
. Functional Maximal safe standing forward Community
1992 Weiner et al. reach test reach (yardstick method) dwelling aged > 65
1994 Owens et al. Short_scree.nlng Cogr}ltlo.n, MOb'“tY’ Nutr_ltlon, Older inpatients
questionnaire Medications, Hospitalisation
Gender, Marital status, Absence of a
Rockwood et Multifactorial caregiver, Cognitive impairment or Institutional and
1996 al definition of dementia, Functional impairment, community-dwelling
' frailty Diabetes mellitus, Stroke, older adults

Parkinson’s disease

Health Status

1997 Brody et al. Lorm Age, ADL, disability Older inpatients
Functional Changes in the Functional L
1998 Carlson et al. homeostasis Independence Measure (FIM) Older inpatients
1999 Rockwood et Brief clinical Walking assistance, ADL, Community-
al. instrument Continence, Cognition dwelling aged > 65
Schuurmans et Groningen Mobility, Physical fitness, Vision, Community-
2004 al Frailty Hearing, Nutrition, Morbidity, dwellin ayed =65
' Indicator Cognition, Psychosocial gaged =
. . - i . Community-
2004  Matthews et al. Strawbridge >1 functional difficulty: physical, dwelling

questionnaire

cognitive, sensory, nutritive

outpatients

2004

Studenski et al.

Clinical Global
impression of
Change in
Physical Frailty

Appearance, Healthcare utilisation,
Medical complexity, Muscle
Strength, Balance, Nutrition,
Stamina, Neuromotor performance,
Mobility, Perceived health, ADL,
Emotional status, Social status

Geriatric patients

Rockwood et CSHA Clinical Community-
2005 Frailty Scale Clinical judgement . y
al. " dwelling aged > 65
(7-point)
Cognition, General health,
.. Functional Independence, Social .
2006 Rolfson et al. Edmonton Frail support, Medication use, Nutrition, Outpatients aged
Scale . . 65
Mood, Continence, Functional
performance
Age, Gender, Physical activity,
. Self-reported Comorbidity, Sensory deficits, Community-
2008 Ravaglia etal. frailty score calf circumference, IADL, Gait dwelling aged > 65
Health, pessimism
S Kaigo-Yobo . . Community-
2010 Shinkai et al. Checklist Questionnaire dwelling aged > 70
Lucicesare et Self-rated Community-
2010 health deficits Questionnaire . y
al. index dwelling aged > 65
Tilburg Frailty  Self-report: Physical, Psychological ~ Community-

2010

Gobbens et al.

Indicator and Social components dwelling aged > 75
COPE (Caring Impairments in nutrition, mobility, .
for Older . - - . Community-
Jyotheeswaran vision, hearing, continence, .
2015 People) for L . dwelling mean age
et al. cognition, mood and behaviour.

non-specialised
health workers

Dependence:

73.6 years (SD 7.6)

(DADL: (independent) activities of daily living

15



Fried’s phenotypic approach

Linda Fried and her colleagues' operationalization of frailty have attracted considerable
scientific interest across the globe (Avila-Funes et al., 2008; Romero-Ortuno et al., 2010).
It requires the measurement of the five variables-weight loss, exhaustion, hand grip
strength, gait speed and physical activity. Fried defined frailty in terms of three sets, each
of which is defined by the sum of the number of individual criteria present (0: non-frail; 1
or 2: pre-frail; and 3, 4 or 5: frail). Individual criteria are measured on continuous scales
and retrospectively dichotomised according to the lowest twentieth percentile rule (Fried et

al., 2001).

Clinical significance of frailty

Fall is rightly said as the totem of frailty (Nowak and Hubbard, 2009), and frailty is a very
strong independent predictor of fall and fall-related fractures (Ensrud et al., 2007; Speciale
et al., 2004; Kenny et al., 2006). Frailty is becoming the best paradigm to predict fall and
adverse fall-related outcomes in older people, as frailty not only encase the physical,
cognitive (Kang et al., 2009) and psychological (Kressig et al., 2001) causes of fall, but
also the increased vulnerability to adverse outcomes. Frailty has been concomitant with
increased risk of cognitive impairment and dementia, and a swift rate of cognitive decline
(Avila-Funes et al., 2009; Buchman et al., 2007). Frailty is also associated with higher
levels of health anxiety and other psychiatric (including depressive) symptoms (Ensrud et
al., 2009). Frailty pointedly escalates the risk of death (Song et al., 2010; Fried et al., 2001,
Mitnitski et al., 2005). Summarily, similar to OH, Frailty is associated with risk of fall,
increased morbidity, disability, excess utilisation of health and social care services (e.g.
hospitalisations, institutionalisations), and increased risk of mortality (Ensrud et al., 2009;

Nowak and Hubbard, 2009; Boyd et al., 2005).
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GAPS IN RESEARCH

Research articles were identified in PubMed using MeSH terms  "Orthostatic
Hypotension”, "Postural Hypotension”, “Hypotension, Postural” "Aged", "Elderly"”, "Frail

Elderly”, "Frail", "Frail Elder", "Functionally Impaired Elderly”, "Frail Oder Adults".

Prevalence of OH: Gaps in Research

OH has been extensively studied in the developed countries and numerous associations and
adverse events have been reported but there is a scarcity in literature from developing
countries such as India. My literature search revealed three studies related to OH prevalence
from India, but not on community-dwelling elderly subjects. A study done in Karnataka,
on 80 healthy volunteers aged 30 to 50 years and 80 healthy subjects above 60 years of age
who attended free camps revealed the prevalence of OH as 1.25 percent (Baliga and Prabhu,
2010). Another study, done in Kerala, found the incidence of delayed OH in patients above
the age of 18 in a hospital as 29.4 percent (Roy et al., 2017). A study done on 200 elderly
patients who visited a hospital outpatient department in Andhra Pradesh revealed the

prevalence of OH at 12.5 percent (Guntupalli, 2018).

RATIONALE

OH is a predictor of syncope, stroke, CVD, and early mortality in the elderly and has been
linked to cognitive impairment, fall, hospitalizations and polypharmacy. A
Recent Systematic Review and Meta-Analysis established that OH is ubiquitous, affecting
one in five community-dwelling elderly and one in four elderly in continuing care (Saedon
et al., 2020). Frailty and OH have similar adverse epidemiological associations (Table 4),
also frail people have a substantially increased risk of fall, disability, long-term care, and

death (Rockwood, 2005).
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Table 4 Epidemiological similarities between orthostatic hypotension and frailty

OH FRAILTY

Auvailability of various definitions v v
Prevalence in community-dwelling older people 5-34% 5-27%
Prevalence increases with age and comorbidities v v

Associations with cardiovascular and cerebrovascular disease

Association with fall

v v
Psychosocial associations v v
v v
v v

Increased mortality risk

Detection of OH could reduce the chance of inappropriate selection of the drug classes for
elderly patients, therefore it assumes paramount importance under a public health
perspective since costs of OH can increase the health care expenditure and ominously
impact the life quality of older people (Hartholt et al., 2011; Poon and Braun, 2005). A
clinical implication is that if hemodynamic OH and/or symptomatic Orthostatic Intolerance
is, respectively, a sign and a symptom of frailty in older people, then they could be useful
as frailty screening tools to identify those at risk and may benefit from further geriatric

assessment and/or interventions.

Kerala is in an advanced stage of the demographic transition and is not equipped to face
this phenomenon of ageing (Kerala State Planning Board, 2019). The emergent nuclear
family system, a high level of emigration among the youth and very poor arrangements for
taking care of the old makes matter worse, leaving the old to fend for themselves. So it’s
very crucial for an elderly to be independent to the extent possible. Any ailment or
adversities associated with a significant reduction in the quality of life in elderly, either by
limiting their functioning or in the form of a temporary or permanent disability should be

dealt constructively.
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Identifying OH is pivotal as it is associated with factors related to morbidity and mortality
in elderly. Since OH and frailty share many epidemiological similarities and considering
the fact that no relevant community-based study was done to determine the prevalence from
India, the present study was envisaged. Following were the major and minor objectives of

the study.
OBJECTIVES

A. Major objectives:
i.  To estimate the prevalence of OH among the community-dwelling elderly
population aged 60 and above living in Thiruvananthapuram district.
B. Minor objectives:
i.  To find the association between OH and frailty in the community-dwelling
elderly population aged 60 and above living in Thiruvananthapuram district.
ii.  To examine the correlates of OH among the community-dwelling elderly

population aged 60 and above living in Thiruvananthapuram district.
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CHAPTER -2

METHODOLOGY

Study design

The design of choice for the study was a cross-sectional survey considering the outcome of
interest was prevalence of orthostatic hypotension in community-dwelling elderly subjects

and the time constraints to complete the study.

Study setting

The study was conducted in Thiruvananthapuram district because of the investigator’s ease
and limited resources; the study was limited to 20 wards randomly selected from grama

panchayat wards (rural) and corporation wards (urban) of the same.

Sampling frame

The study was conducted among the individuals of both sexes, aged 60 years and above,

residents of Thiruvananthapuram district for the past five years.

Sample size

The sample size was calculated with the help of Open Epi Version 3.01 software (Dean et
al., 2013). Literature review of studies done in community-based studies revealed that
globally the prevalence of OH varied from 5% to 34%. No relevant community-based
studies to determine the prevalence of OH were reported from India. So sample size was
calculated using the lowest and the highest prevalence of OH globally. For the lowest
prevalence of OH (5%), alpha error of 5%, absolute precision as 4%, design effect (2)
sample size was estimated to be 229. For the highest prevalence of OH (34%), alpha error
of 5%, absolute precision as 8.5%, design effect (2) sample size was estimated to be 239.

So considering the second scenario, the sample size was rounded off to 240.
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Sample selection

This study used a multistage cluster sampling. The cross-sectional survey was conducted
in 20 clusters (wards) with 12 participants from each cluster as defined in the study setting.
Ten wards were randomly selected from the 100 wards in Thiruvananthapuram City
Corporation and 10 wards were selected from 73 Grama panchayats of
Thiruvananthapuram district (2 randomly selected wards each from 5 Grama panchayats)
using lottery method as shown in Table 5 and figure 3. The interviewer identified a place
corresponding to the geographical centre of the cluster (like a school, shop or temple or any
buildings) and a pen rotation method was followed. Every third household was taken from
the direction which the pen showed. Screening was done to identify the eligible participants
in that household. If a participant from the selected household was not willing or not
available at the time of interview, then that household was substituted by the next 3™
household until 12 participants from an individual cluster were obtained. KISH grid was
used to select the participant from a household in case more than one elderly person was
living in the household. The non-response rate was zero since the non-responsive

households were replaced randomly.

Table 5 Wards selected for the present study

S.No | Selected Wards In Corporation | S.No | Selected Wards In Grama Panchayats
1 Ulloor 11 Kattakada-Killi

2 Edavacode 12 Kattakada-Chandramangalam

3 Mannathala 13 Pangode-Mylamoodu

4 Thycaud 14 Pangode-Bharathanoor

5 Muttada 15 Pothencode-Ayiroorpara

6 Pappanamcode 16 Pothencode-Kattaikonam

7 Poonthura 17 Malayinkeezhu-Anthiyoorkonam
8 Sreekanteswaram 18 Malayinkeezhu-Thachottukavu

9 Kannanmoola 19 Vellanadu-Uriyacode

10 Kuravankonam 20 Vellanadu-Konganam
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Figure 3 Thiruvanthapuram district map-clusters selected for the present study

Legend

9 O -Clusters

Subject selection
Following were the selection criteria for the study participants.
Inclusion criteria

Elderly subjects, sixty years or above, living in the selected geographical area of
Thiruvananthapuram district, in their homes for a period of 5 years or more were included.
Other criteria for inclusion were people who could stand without any help and were willing

to provide voluntary informed consent by responding independently.
Exclusion criteria

Older persons who did not speak Malayalam or English or did not consent or did not
comprehend and respond to the questionnaire due to any neuropsychological problems
were excluded from the study due to ethical reasons. Those who were bedridden or
wheelchair-bound were also excluded. People with debilitating illnesses like cancer, or

those who were terminally ill, were excluded from the study.
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Data collection tools

Data collection was done from December 6" 2019 to February 27", 2020 by the principal

investigator (PI) after obtaining institutional Ethics Committee (IEC) approval.

A pretested structured interview schedule was used to collect data. The interview was
conducted in Malayalam or English. The interview schedule was designed to collect socio-
demographic information, tobacco use, alcohol use, dietary pattern, physical activity,
medical history, anthropometric measurements and handgrip strength and gait speed test

(Annexure | Page 75).

Information was collected directly from the participants using standard techniques
according to WHO STEPS manual (World Health Organization, 2005). Global Physical
Activity Questionnaire (GPAQ) version 2 (Herrmann et al., 2013) was used for measuring
physical activity. The brief version of Community screening interview for dementia (CSI-
D) was used for Cognitive assessment (AT et al., 2015a, and 2015b). The OH symptoms
were assessed by the Orthostatic Hypotension Questionnaire (Kaufmann et al., 2012). For
accessing the risk of falling, a validated fall risk self-assessment checklist by CDC (centres
for disease control and prevention) was used (Rubenstein et al., 2011). For assessing poor
endurance and energy, Center for Epidemiologic Studies Depression Scale (CES-D), was
used (AT et al., 2015). A single item question from the Geriatric Mental State Examination
was used to assess self-reported weight loss (AT et al., 2015). Gait speed test, a 10 m walk

test, was used to assess slow walking speed. (AT et al., 2015).
Instruments for physical measurements were calibrated before starting the study.
Height measurement was done using a standalone stadiometer (SECA 213).

Weight was measured using a battery-operated electronic weighing scale (SECA 803).

23



Blood Pressure was measured using a digital sphygmomanometer (OMRON HEM 907).

Handgrip strength was measured using handgrip dynamometer (EH 101 CAMRY).

Procedures

Blood pressure measurement - Three readings of BP in supine (lying down) on alternate

hands five minutes apart and three readings on standing position one minute apart on the
left hand were taken using a digital sphygmomanometer. For analysis, the average of three

readings in the supine position was taken.

Height measurement - Height was measured after placing the standalone stadiometer on a

flat and firm surface. The subject was asked to remove their footwear if any and step onto

the scale with one foot on each side of the stadiometer. Height was recorded in centimetres.

Weight measurement - The weight of the subject was measured after placing the scale on a

flat and firm surface. The subject was asked to remove their footwear if any and step onto
the scale with one foot on each side of the scale. The subject was then asked to stand still,
facing forward, placing arms on the side until asked to step off. The investigator recorded

the weight in kilograms.

Handgrip strength measurement - Dynamometer width was optimally adjusted for each

participant. Participants were asked to press the dynamometer after standing upright with
arms to the side, not against their body (Gu et al., 2019). Three readings were taken for

each hand five minutes apart and for analysis, the average of the readings was considered.

Gait speed measurement - The participant was timed walking 5 metres (indicated by a piece

of string), turning and returning to the starting point; with the time taken to turn taken into
account, a cut off of more than 15 s to complete the test was considered to reflect limited

mobility (<1.2 m per second) (AT et al., 2015).
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Data entry and storage

Data entry was done in Microsoft Excel 2013 and later exported to SPSS version 25.
Collected hard data (completed forms) was stored securely under the PI’s custody and PI
bears the sole responsibility for keeping the data secure and for any breach of
confidentiality. The soft data generated from hard data did not have any personal
identifying information and all study participants were coded by a unique respondent
identification number (RIN). The soft data was stored in an encrypted format (AES 128-bit

advanced encryption) in a password-protected computer.
Data analysis

Data were analysed using a licensed version of statistical software SPSS, version 25 and
using R version 3.6.1. For all the statistical tests, a p-value of < 0.05 was considered for
statistical significance. For checking normality, Shapiro-Wilk test was performed.
Frequencies and proportions were calculated for categorical variables and means with

standard deviations were calculated for continuous variables.

Prevalence of OH was established by calculating the frequency of participants meeting the
criteria for OH (as per the consensus definition, 1996) among the total participants of the
study. Similarly, Prevalence of frailty was established by calculating the frequency of
participants meeting the criteria for frailty among the total participants of the study.
Frequencies were calculated for the prevalence of fall, risk of fall and fear of fall.
Prevalence of OHT was determined by calculating the frequency of participants meeting

the criteria for OHT (as per the definition) among the total participants of the study.

In Bivariate analysis, comparisons of categorical variables were carried out using Pearson
chi-square tests. Comparisons of continuous variables were done using independent sample

t-tests (normally distributed) and Mann Whitney U test (not normally distributed).
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Binomial logistic regression was used to find the Odds Ratio and the measure of association
was presented as odds ratio with 95% confidence interval and p-value. For adjustment of
possible confounding factors, multivariate analysis using Enter Method for modelling was

used.
Ethical consideration

The present study was reviewed by the Institutional Ethics Committee of Sree Chitra
Tirunal Institute for Medical Sciences and Technology, Thiruvananthapuram, Kerala and
clearance was given to conduct the study (SCT/IEC/1446/NOVEMBER-2019). The
participants had the freedom to refuse participation at the outset or during any stage. There

was no anticipated risk for subjects by participating in this study.

Information sheet and consent forms were provided to the selected participant prior to the
interview. The interview was conducted after obtaining the written informed consent from
the study participant. Privacy was ensured during the interview to the extent possible and
confidentiality of all the information was maintained. The participant was given breaks in
between answering the questionnaire and taking physical measurements to prevent

exhaustion.

All information related will be kept confidential and at no stage participant’s identity will
be revealed. Access to RIN was restricted to Pl only. Participant confidentiality will be
safeguarded during and after the study. All the copies of filled interview schedules and
consent forms will be kept under the custody of the P1. All completed interview schedules,
consent forms would be destroyed upon completion of five years from the date of
acceptance of the thesis in keeping with regulatory requirements. The participants detected

with OH were advised to consult the physician at the nearest Primary Health Center in the
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area of their residence. They were also being provided with a leaflet to inform them on how

to prevent falls due to OH.
Operational definitions of variables

Older person: An individual who had completed 60 years and above at the time of data

collection.
Consensus Orthostatic Hypotension (COH) measurements include OHz, OH>, and OHs,

OHz¢: reduction of SBP of at least 20 mm Hg or DBP of at least 10 mm Hg within the first

minute of standing.

OHa: reduction of SBP of at least 20 mm Hg or DBP of at least 10 mm Hg within 2 minutes

of standing.

Orthostatic hypotension (OH) /OHs: reduction of SBP of at least 20 mm Hg or DBP of at

least 10 mm Hg within 3 minutes of standing was used as the measure of OH in our study.

Fedorowski OH (FOH): reduction of SBP of at least 30 mmHg within 3 minutes of standing
in subjects with baseline supine SBP > 160 mmHg, and 15 mmHg in subjects with SBP <

120 mmHg, DBP criterion same as original COH definition (Fedorowski et al., 2010).

Revised Consensus OH (2011 AAN criteria): reduction of SBP of at least 30 mmHg within
3 minutes of standing in subjects with baseline supine SBP > 160 mmHg, DBP criterion

same as original COH definition (Freeman et al., 2011).

Orthostatic hypertension (OHT): is diagnosed by a rise in SBPof 20 mmHg or DBP of at

least 10 mm Hg within 3 minutes of standing.

Orthostatic intolerance: reported as feeling dizziness, light-headedness or feeling faint.
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Fall: is defined as “an event which results in a person coming to rest inadvertently on the
ground or floor or other lower-level” (WHO 2007) All types of falls are included, whether

they result from physiological reasons or environmental reasons.

Hypertension: SBP > 150 mmHg and/or DBP > 90 mmHg and/or on anti-hypertensive
medications. SBP > 140 mmHg and/or DBP > 90 mmHg for individuals with diabetes and

Chronic Kidney Disease. (Hernandez-Vila, 2015; James et al., 2014)
Body Mass Index (BMI): Weight (kg)/Height in m2.

Frailty: participants were considered as frail if they fulfil three or more of the five frailty
indicators (Exhaustion, Weakness, Slowness, Weight loss, Low physical activity) of the

Modified Fried frailty phenotype (Fried et al., 2001; AT et al., 2015)
Exhaustion-regrouped into as exhausted or not exhausted

Weakness-isometric handgrip strength was measured on both hands three times five
minutes apart and the average for each hand was taken for the calculation. The participant
was advised to stand straight on a plain surface with arms to both sides before taking the
measurement. The analysis was done after dichotomising this, according to the lowest

twenty-five percent rule.
Slowness was regrouped into as slow or not slow
Weight loss was regrouped into yes if weight loss was greater than 4.5 kg in the past year.

Physical activity: was estimated in three domains, namely work, transport and recreation.
Total time spent in physical activity during a typical week, the number of days and intensity
of the physical activity was taken in to account for calculating METs (Metabolic
Equivalents) which was used to express the intensity of physical activity. MET is defined

as the energy cost of sitting quietly and is equivalent to a caloric consumption of one
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kcal/kg/hour. Physical activity was calculated as per WHO GPAQ analysis guide, for work
and recreation, Moderate MET value was 4 and Vigorous MET value was 8 and for

Transport, Cycling and Walking MET value was 4 (World Health Organization, 2009).

Classification of Variables in the study

Outcome variable/ Dependent variables

The main outcome variable of interest in this study was Orthostatic Hypotension.

Other outcome variables of interest are Frailty, OHT, FOH and fall.

Exposure variable/ Independent variables

Socio-demographic indicators

Age was regrouped into 60-69, 70-79 and 80 above.

Sex of participants was divided into male and female.

Marital status was regrouped into currently married or not married.

Socio-economic indicators

Education was regrouped into primary education and without primary education.

Occupation regrouped into currently working or not working.

Socioeconomic status: the colour of the ration card was considered as a proxy. It was

regrouped into above BPL and below BPL.

Behavioural indicators

Smoking tobacco status- regrouped into the current, ever or never users.

Smokeless tobacco usage status- regrouped into the current, ever or never users.
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Alcohol usage status- regrouped into the current, ever or never users.

Additional salt users-regrouped as yes, if reported use of additional salt or use of salted fish

or use of pickles or use of pappad in the diet.

The physical activity below 600 MET-minutes a week was grouped as physically not active

and above 600 MET-minutes a week was grouped as physically active.

History of comorbidities, hospitalization and treatment

Activities of daily living: participant being able to do all ADLs (eating, bathing, dressing,

toileting and mobility) were regrouped as yes and others as no.
Hospitalization status was regrouped into whether hospitalized in the past year or not.
Number of comorbidities was regrouped into 3 categories (0, 1-3, >3)

History of comorbidities- if the participant had a diagnosis of diabetes mellitus, stroke,
hypertension, myocardial infarction, other heart diseases, COPD, CKD, Arthritis,

hyperlipidaemia, urinary incontinence, cataract or visual difficulty or blindness, deafness.
The number of medicines used was regrouped into 3 categories (0, 1-2, >2).

Cognitive, orthostatic symptoms, risk of falling assessment

The total cognitive score was regrouped into cognition impaired or not impaired.
Orthostatic symptoms were grouped into as present or absent.
Risk of falling score was grouped into —with a risk of falling and without risk of falling

Anthropometric indicators

Height of the participant in cm

Weight of the participant in Kg
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BMI was regrouped into overweight as BMI > 25 kg/m? (WHO, 2004).

SBP reading at baseline supine position and readings at 1% minute, 2" minute, and 3rd

minute of standing are continuous.

DBP reading at baseline supine position and readings at 1% minute, 2" minute, and 3rd

minute of standing are continuous.

Pulse Rate reading at baseline supine position and readings at 1% minute, 2" minute, and

3rd minute of standing are continuous.

Frailty indicators

Hand Grip Strength of the participant was regrouped into as weak and not weak by keeping

the 25" percentile as the cut-off.

Weight loss in the past year regrouped into yes or no.
Slowness- regrouped as slow and not slow.
Exhaustion- regrouped into exhausted or not exhausted.
Expected outcomes

Possible expected outcomes were the Prevalence of Orthostatic Hypotension, Frailty, OHT

and fall.

31



CHAPTER -3

RESULTS

This chapter describes the results of data analysis, formulated based on the study objectives.
In the first section, a general description of the study participants, socio-demographic,
socio-economic, behavioural and anthropometric characteristics are described. This is

followed by Univariate and multivariate analyses with OH as the dependent variable.

SOCIO DEMOGRAPHIC PROFILE

The socio-demographic characteristics of the study participants are provided in Table 6.
The study included 240 participants equally from wurban and rural areas of
Thiruvananthapuram district, with a higher proportion of females (59.2%). Participant’s
age ranged from 60 to 89 years with a Mean and SD of 68.85 = 7.09 years. The age
distribution among male and female study participants can be seen in Figure 4. Nearly half
(56.7%) of the study participants were below 70 years of age and only 9.6 percent of the
participants were above 80. Majority of participants had at least a primary education (60%),
but 21.8 percent of the females and 12.2 percent of males had no formal education and
college-educated in males were 14.3 percent whereas only 1.4 percent of the females were
college-educated. Almost half of the participants were widowed (42%) but strikingly 60
percent of the females were widowed in comparison to 16.3 percent of males. One fourth
(23.5%) of the males were employed in either part-time or a full-time job while only one-
sixth (15.5 percent) of the females had a job. The BPL cardholders accounted for 52.8
percent of females and 40.8 percent of males. Nearly one-tenth of females (8.5%) were
found to be living in extreme poverty (beneficiaries of Antyodaya anna yojana). More than

one third (35.8%) of the participants were hospitalized at least once in the past year.
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Importantly, one-fifth of the females (19%) and males (17.3%) were not able to do all

activities of daily living and needed care.

Table 6 GENDER-WISE SOCIO-DEMOGRAPHIC PROFILE OF PARTICIPANTS

(N=240)
Variables Categories I(:::rqjlze) I(\:i!;S) ?;?40
Place of Rural 69 51 120 (50)
residence Urban 73 47 120 (50)
Age group 60-69 81 55 136 (56.7)
Mean=68.85 70-79 47 34 81 (33.7)
SD=7.09 > 80 14 9 23 (9.6)
No formal education 31 12 43 (17.9)
Some, but did not complete primary 25 12 37 (15.4)
'gj&’g;t?gn Completed primary education 48 36 84 (35)
Completed secondary(metric) 36 24 60 (25)
Completed tertiary(college) 2 14 16 (6.7)
Never married 3 0 3(1.3)
Married/ co-habituating 52 81 133 (55.4)
Marital status \vidowed 85 16 101 (42)
Divorced/separated 1 3(1.3)
Paid full-time work 11 17 (7.1)
Paid part-time work 16 12 28 (11.7)
Retired pensioner 16 14 30 (12.5)
SEtraQELoyment Retired non-pensioner 1 17 18 (7.5)
{-ilr?]l;sewﬁe or househusband full 45 0 45 (18.8)
Unemployed, able to work 13 12 25 (10.4)
Unemployed, unable to work 45 32 77 (32)
Socio Very poor 12 2 14 (5.8)
gfa(iﬂgmic Below poverty line 63 38 101 (42.1)
Above poverty line 67 58 125 (52.1)
Number of No hospitalizations 88 66 154 (64.1)
Hospitalisation 1 5 pospitalizations 32 19 51 (21.3)




made in the

2 hospitalizations 22 13 35 (14.6)
past year
o Living alone 3 0 3(1.3)
Living status T
Not living alone 139 98 237 (98.7)
Activities of  Can complete all ADL’s 115 81 196 (81.7)
daily living
(ADL’s) Cannot complete all ADL’s 27 17 44 (18.3)
Always 7 7 14 (5.8)
E:roep'e needing g metimes 20 10 30 (12.5)
Never 115 81 196 (81.7)

Figure 4: Population Pyramid: Frequency age of participant by gender of participant
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LIFESTYLE PROFILE OF STUDY PARTICIPANTS

Table 7 provides information about lifestyle factors of the study population. Majority of
the study participants (~80%) were non-users of both smokeless and smoked tobacco
products. None of the female participants ever smoked tobacco. Similarly, majority of the
participants reported never consuming alcohol (~80%), although nearly half of the males
(45%) consumed alcohol (current and previously). More than one third (38.8%) of the

participants self-reported being sedentary, percent of females who were sedentary (40.8%)
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was slightly higher in comparison with the males (35.7%). Nearly a third of the participants

(27.9%) reported taking excess salt in their diet.

Table 7 LIFESTYLE FACTORS OF THE STUDY POPULATION (N=240)

Female Male  N=240

VARIABLES CATEGORIES (n=142)  (n=98) (%)
Present smokers 0 9 9(3.8)
Smoking status Previous smokers 0 40 40 (16.7)
Non-smokers 142 49 191 (79.6)
Present users 8 17 25 (10.4)
Smokeless tobacco Previous users 12 9 21 (8.8)
Non-users 122 72 194 (80.8)
Present users 0 38 38 (15.8)
Alcohol Previous users 1 6 7(2.9)
Non-users 141 54 195 (81.3)
Sedentary 58 35 93 (38.8)
Physical activity
Active (>600MET) 84 63 147 (61.2)
Yes 39 28 67 (27.9)
Additional Salt users
No 103 70 173 (72.1)

ANTHROPOMETRIC PROFILE OF STUDY PARTICIPANTS

Gender-wise comparison of anthropometric variables is given in Table 8. Participant’s
height and weight ranged from 125 to 189 cm (Mean (SD) = 156.3 (10.24)) and 35 to 86
kg (Mean (SD) = 59.7(11.81)) respectively. We observed a significant difference in height
and weight based on gender. A small but significant difference in the BMI was observed

between the male and female study participants, females having a higher mean BMI.
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Handgrip strength (kg) right hand of participants ranged from 1.2 to 45kg in the study
participants and a (Mean (SD) = 18.94 (9.21)). The handgrip strength differed between
male and female participants, with more handgrip strength in males compared to females.
We observed a difference in mean DBP at the supine position for male and female
participants, females having a higher DBP compared to male participants. All the other

measurements of SBP and DBP were similar across both the genders.

Table 8 ANTHROPOMETRIC VARIABLES IN STUDY POPULATION (N=240)

Females Males
Variables (N=142) (N=98) p-value

Mean (SD) Mean (SD)
Age (in year) 69 (7.39) 68.64 (6.66) 0.942
Height (cm) 151.42 (8.35)  163.26 (8.55)  <0.001%™
Weight (kg) 57.06 (11.26)  63.53 (11.59)  <0.001%"
BMI (kg/m2) 2477 (3.78)  23.72(3.22)  0.045%
Handgrip strength right(kg) 15.59 (7.39) 23.81 (9.44) <0.001&
Handgrip strength left(kg) 14.14 (7.18) 23.26 (9.62) <0.0018™
SBP supine (mmHQ) 141.03 (24.83) 136.7 (19.63)  0.28?
SBP standing at Iminute(mmHg) 134.96 (25.75) 133.41(23.88) 0.58?
SBP standing at 2minute(mmHg) 138.89 26.02) 136.4 (23.65)  0.37°
SBP standing at 3minute(mmHg) 140.51(25.85)  138.31(23.98) 0.45%
DBP supine (mmHg) 78.51(14.15) 73.95(10.42)  0.007%
DBP standing at 1minute(mmHg) 77.48 (16.45) 74.63(12.33)  0.28%
DBP standing at 2 minute (mmHg) 78.49 (15.35)  76.51(11.49) 0.412
DBP standing at 3 minute (mmHg) 79.18 (14.72)  77.04 (10.83)  0.422
pulse rate supine - baseline 73.25 (9.37) 72.89 (12.38) 0.782
pulse rate standing at 1 minute 83.96 (10.29)  84.05 (13.72) 0.82
pulse rate standing at 2 minute 87.69 (47.28)  83.28 (13.58)  0.54%
pulse rate standing at 3 minute 83.51(10.92) 83.12 (13.59) 0.752

a Mann-Whitney U test,  * p<0.05, **p<0.001
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PREVALENCE OF OH, OHT, FALL AND FRAILTY

Prevalence of OH is shown in Table 9. Prevalence of Consensus OH at 3" minute (COH)
was found to be 9.6 percent (95% Cl= 5.83-13.33), while Revised Consensus for OH
revealed a lower prevalence of 8.3 percent (95% CIl= 4.81 - 11.86) and Fedorowski OH

index revealed a prevalence of 7.5 percent (95% CI =4.14-10.86).

Table 9 PREVALENCE OF ORTHOSTATIC HYPOTENSION (N = 240)

Female Male N=240 959% Confidence

VARIABLES n=142(%) n=98(%) (%) Interval

OH At1 minute (OH:1)  36(25.4) 13(13.3) 49(20.4)  15.28-2555

OH At 2 minute (OH>) 26 (18.3) 12(12.2) 38(15.8)  11.18-20.49

OH At 3 minute (COH/OH)  13(9.2)  10(10.2) 23(9.6)  05.83-13.33

Revised COH 13(9.2) 7(7.1)  20(8.3)  04.81-11.86

Fedorowski OH (FOH) 11(77)  7(71)  18(75)  04.14-10.86

Prevalence of OHT, fall and comorbidities are shown in Table 10. The prevalence of OHT
at 3 minute was found to be 12.1 percent (95% Cl = 7.93-16.24) among the study
participants. Males reported a higher prevalence of OHT, 16.3 percent compared to the 9.2
percent reported in the females (x%= 2.8 (p = 0.094@)). More than one-third (37.9 percent)
of the study participants reported a fall at least once in the past year with females reporting
a higher prevalence of fall (47.2%). Fear of falling and risk of falling (calculated from the
checklist) were found to be higher in the females (76.1% and 66.9%). Self-reported diabetes
in males was more (46.9%) than females (37.3%). Prevalence of Hypertension was found
to be 60.8 percent; with a higher percentage of females (66.9%) compared to males
(53.1%). Nearly a third of the male participants (29.6%) were found to have cognitive

impairment.
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Table 10 PREVALENCE OF OHT, FALL AND CO MORBIDITIES (N=240)

vaRABLES e a0 o contdene
OHT 13(9.2)  16(16.3) 29(12.1) 07.93-16.24
Fall in last year 67 (47.2) 24(245) 91(37.9) 31.73-44.09
Fear of falling 108 (76.1) 24 (24.5) 132 (55) 48.66 - 61.34
Risk of falling 95(66.9)  45(45.9) 140 (58.3) 52.05 - 64.62
Hypertension 94 (66.2) 52(53.1) 146 (60.8) 54.61-67.05
Diabetes mellitus 53(37.3) 46 (46.9) 99 (41.3)  34.98-47.52
Cognitive impairment 38(19.7) 29(29.6) 57(23.8) 18.33-29.17

Figure 6: Intersection of Comorbidities among study participants
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Intersection of various co-morbidities can be seen from Figure 6. Hypertension and diabetes
mellitus were the two comorbidities, which showed the highest interaction in the study

participants.

Table 11 shows the prevalence of frailty and the components for deriving the Frailty index.
The prevalence of Frailty was found to be 29.2 percent (95% Cl= 23.37-34.96). Females

had a higher prevalence of frailty (34.5%) than males (21.4%), (x*>= 4.8 p = 0.028).

Table 11 PREVALENCE OF FRAILTY: MODIFIED FRIED FRAILTY

PHENOTYPE (N=240)

N (%) 95% C |
Frailty® 70 (29.2)  23.37-34.96
Frailty Criteria
i.  Exhaustion- poor endurance and energy 93 (38.8) 32.54 - 44.96
ii.  Weight loss 19 (7.9) 4.48 - 11.36
iii.  Weakness-lsometric handgrip strength 49 (20.4) 15.28 - 25.55
iv.  Slowness 190 (79.2) 73.99 - 84.34
v.  Low physical activity 93 (38.8) 32.54 - 44.96

$ Frailty criteria score 0-2= Not Frail, 3-5= Frail

OH AND SOCIODEMOGRAPHIC FACTORS

The frequencies of OH across various socio-demographic variables are shown in Table 12.
A higher prevalence of OH was observed in older age groups and in participants with better
SES (APL group) although the association was not significant. Importantly females in APL

group showed an association with OH (x?>=5.1, p = 0.029).
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Table 12 DISTRIBUTION OF OH ACROSS SOCIO-DEMOGRAPHIC

CHARACTERISTICS OF POPULATION (N=240)

OH absent OH present Chi-square

VARIABLES N(%)  N(%) (p-value)

Gender Female 129 (90.8) 13(9.2) 0.07 (0.799)
Male 88(89.8) 10(10.2)

Place of residence Urban 108 (90) 12 (10) 0.05 (0.839)
Rural 109 (90.8) 11 (9.2)

Age group 60-69 126 (92.6) 10 (7.4) 2.6 (0.279)
70-79 72(88.9)  9(11.1)
>=80 19 (82.6) 4 (17.4)

Currently married Yes 121 (91) 12 (9) 0.11 (0.749)
No 96 (89.7) 11 (10.3)

Education-completed primary Yes 143 (89.4) 17 (10.6) 0.6 (0.449)
No 74(925) 6 (7.5)

Job status-currently working Yes 41(91.1) 4(8.9 0.03 (1%
No 176 (90.3) 19(9.7)

Activities of daily living Yes 180 (91.8) 16(8.2) 2.5 (0.15%)
No 37(84.1)  7(15.9)

People needing care Sometimes 26 (86.7) 4 (13.3) 7.16 (0.24%
Always 10 (71.4) 4 (28.6)
Never 181 (92.3) 15(7.7)

Hospitalization in the past year  Yes 77 (89.5) 9 (10.5) 0.12 (0.739)
No 140 (90.9) 14 (9.1)

Socio economic status (SES) BPL 108 (93.9) 7(6.1) 3.11 (0.089)
APL 109 (87.2) 16 (12.8)

@Pearson Chi-Square test # Fisher's Exact Test *p<0.05, **p<0.001

The frequencies of OH across various lifestyle factors are shown in Table 13.

Comorbidities and polypharmacy were found to be significantly associated with OH.
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Table 13 DISTRIBUTION OF OH ACROSS LIFESTYLE FACTORS (N=240)

OH

OH

VARIABLES absent present ?r_'\'/:ﬂ;?re
h (%) n (%) P

Smoking history Current smokers 7(77.8) 2(22.2) 1.87 (0.39%)
Previous smokers 37(925) 3(7.5)
Non smokers 173(90.6) 18 (9.4)

Smokeless tobacco  Current users 25(100) O 2.99(0.22%)
Previous users 19 (90.5) 2(9.5
Non users 173(89.2) 21(10.8)

Alcohol Current users 35 (921) 3(7.9)  0.31(0.86%)
Previous users 6 (85.7) 1(14.3)
Non users 176 (90.3) 19 (9.7)

Additional Salt users Yes 59 (88.1) 8(11.9) 0.6(0.449)
No 158 (91.3) 15(8.7)

Physically activity Active 133(90.5) 14 (9.5) 0.02(0.979)
Sedentary
(<600MET) 84 (90.3) 9(9.7)

Overweight @

(BMI>25) Yes 97 (90.7) 10 (9.3) 0.13(0.91%)
No 120(90.2) 13(9.8)

Co-morbidities o oomorbidities 31 (100) 0 14.65(0.0019™)
1- 3 comorbidities 119 (94.4) 7 (5.6)
>3 comorbidities 67 (80.7) 16 (19.3)

Polypharmacy No medicines 54(100) 0 17.25(0.0019™)
1-2 medicines 100 (93.5) 7(6.5)
>2 medicines 63 (79.7) 16 (20.3)

@Pearson Chi-Square test # Fisher's Exact Test ~ * p<0.05, **p<0.001

Distribution of OH among co-morbidities, frailty and fall is shown in Table 14. Prevalence
of OH was higher in participants with diabetes (x?=14.37, p <0.001@), cognitive

impairment (x?=11.35, p<0.001@) and Hypertension (x>=9.91, p=0.0029).
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Table 14 DISTRIBUTION OF OH AMONG CO-MORBIDITIES, FRAILTY AND

FALL (N=240)

OH absent OH present Chi-square
VARIABLES N (%) N (%) Total (p-value)
Yes 81(81.8)  18(182) 99 _
Diabetes 14.37 (<0.001@™)
No 136(96.5)  5(3.5) 141
Yes 24(80) 6(20) 30 )
Arthritis 4..29 (0.049%)
No 193(91.9) 17(8.1) 210
Yes 74(83.1) 15(16.9) 89 .
Urinary incontinence 8.63 (0.003@)
No 143(947)  8(5.3) 151
Yes 18(85.7)  3(14.3) 21
Heart diseases 0.59 (0.44%)
No 199(90.9)  20(9.1) 219
Yes 62(805)  15(19.5) 77 _
Visual difficulties 12.82 (<0.001€@*)
No 155(95.1)  8(4.9) 163
. Yes 45(78.9)  12(21.1) 57
Cognitien 11.35 (<0.001€™)
impairment No 172(94) 11(6) 183
Yes 125(85.6) 21(14.4) 146 .
Hypertension 9.91 (0.002@)
No 92(97.9)  2(2.1) 94
Yes 63(90) 7(10) 70
Frailty 0.02 (0.899)
No 154(90.6)  16(9.4) 170
Yes 81(89) 10(11) 91
Fall in last year 0.33 (0.569)
No 136(91.3) 13(8.7) 149
Yes 120(85.7) 20(143) 140 .
Risk of falling 8.58 (0.003@")
No 97(97) 3(3) 100
Yes 117(88.6) 15(11.4) 132
Fear of falling 1.07 (0.309)
No 100(92.6)  8(7.4) 108

@Pearson Chi-Square test

# Fisher's Exact Test

*p<0.05, **p<0.001

Urinary incontinence (x2=8.63, p=0.003®), visual difficulties (x> =12.82, p<0.001?), and

risk of falling (x?=8.58, p=0.003@) also showed an association with the high prevalence of
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OH in the participants. Importantly only males having cognitive impairment had a higher

prevalence of OH (x?=8.73, p=0.007%).

OH showed no association with frailty or fall in last year but OH at the first minute was
associated with frailty (x?=2.75, p=0.097@) and fall in last year (x2=4.49, p=0.034?) and
FOH showed association with fall (x? =4.45, p=0.035@), but not with frailty. Fall in last

year and Frailty showed an association (x?=26.11, p<0.001©).

The prevalence of OH related symptoms or symptomatic OH is shown in Table 15. Half of
the participants (51%) reported fatigue after standing and more than one-third of the
participants (37%) reported feeling weakness after standing. One-fifth of the participants

(~20%) reported symptoms of orthostatic intolerance upon standing.

Table 15 PREVALENCE OF SYMPTOMATIC OH (N=240)

Symptoms EinzI?% ) rl\]glg (%) N (%) 95% ClI
Orthostatic Intolerance 32(22.5) 15(15.3) 47 (19.6) 14.53 - 24.64
Problems with vision 18(12.7) 6(6.1) 24 (10) 6.18 - 13.82
Weakness 68(47.9) 21(21.4) 89 (37.1) 30.93 -43.24
Fatigue 80(56.3)  43(43.9)  123(51.3) 44.88-57.62
Trouble concentrating 4(2.8) 0 4 (1.7) 0.04 - 3.29

Head and neck discomfort 28(19.7) 15(15.3) 43 (17.9) 13.03 - 22.80

One sample t-test significant at p-value <0.05

Table 16 shows the distribution of OH among participants having symptomatic OH. Fatigue
showed a strong association with OH (x?>=12.9, p<0.001@). Weakness was also associated
with OH (x? =4.12, p=0.04@). Orthostatic intolerance was associated with OH (x?=6.17,

p=0.02%).
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Table 16 DISTRIBUTION OF OH AMONG OH RELATED SYMPTOMS (N=240)

OH absent OH present Chi-square

VARIABLES N (%6) N (%) (p-value)

Yes 38(80.9)  9(19.1)
Orthostatic Intolerance 6.17(0.02%")
No 179(92.7)  14(7.3)

Yes 19(79.2) 5(20.8)
Problems with vision 3.89 (0.06%)
No 198(91.7)  18(8.3)

Yes 76(85.4) 13(14.6)
Weakness 4.12 (0.0497)
No 141(93.4)  10(6.6)

Yes 103(837)  20(16.3)
Fatigue 12.9 (<0.001@™)
No 114(97.4)  3(2.6)

Yes  2(50) 2(50
Trouble concentrating 7.67 (0.047%)
No 215(91.1)  21(8.9)

Yes 36(83.7) 7(16.3)
Head and neck discomfort 2.7 (0.15%)
No  181(91.9) 16(8.1)

@Pearson Chi-Square test # Fisher's Exact Test *p<0.05, **p<0.001

BIVARIATE ANALYSIS

All variables found significant in the univariate analysis were included for the binary
logistic regression. Gender, SES, physical activity, excess salt usage, weak handgrip
strength, problems with vision, Head and neck discomfort, exhaustion, Frailty, fall in last

year and fear of falling failed to show a significant association with OH(p<0.05).

Table 17 shows the association of different predictor variables with OH. With each increase
in the number of co-morbidities, the odds of having OH at 3™ minute becomes higher by
58 percent (OR=1.58(95%CI=1.25-1.99)). The gender-specific analysis revealed that these
increased odds were higher for males where the odds double (OR=1.92(95%CI=1.3-2.8)).
Participants with impaired cognition had 4 times higher odds of having OH than those

without impaired cognition (OR=4.17(95%CI=1.73-10.07)).
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Table 17 ASSOCIATION OF DIFFERENT PREDICTOR VARIABLES WITH OH

. Crude 95% ClI p-value
Variables Odds Ratio
Age Increased by 1 1.05 099-112 0.07
o Increased by 1.58 1.25-1.99 <0.001™
Co-morbidities L
o Increased by 1.67 1.27-2.19 <0.001™
Total number of medicine .
Coanition impairment Yes 4.17 1.73-10.07 0.001"
g P No Referent
. Yes 6.04 2.16-16.90 <0.001™
Diabetes
No Referent
. Yes 2.83 1.02-7.89 0.046"
Arthritis
No Referent
Yes 3.62 1.47-8.94 0.005"
Urinary incontinence
No Referent
. . e ) Y 4.69 1.89-11.61 <0.001*
People with visual difficulties €s
No Referent
Hvpertension Yes 7.73 1.77-33.79 0.007"
yp No Referent
. . Yes 5.39 1.56 - 18.67 0.008"
Risk of falling No Referent
. Yes 3.03 1.22-751 0.017"
Orthostatic Intolerance
No Referent
Y 241 1.01-5.7 047"
Weakness € 01-576 00
No Referent
Fatiaue Yes 7.38 2.13-2556 0.002"
g No Referent
) Yes 10.24 1.37-76.45 0.023"
Trouble concentrating
No Referent

* p<0.05, ** p< 0.001

The gender-specific analysis revealed that males with cognitive impairment have 7 times

higher odds of being OH (OR=7(95%CI=1.67-29.43)). Diabetics had six times higher odds

of having OH compared to non-diabetics (OR=6.04(95%CI1=2.16-16.9)) and gender-

specific analysis revealed that female diabetics had 26 times more odds of having OH3
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(OR=25.76 (95%C1=3.24-204.81)). Similarly being a hypertensive increased the odds of

having OH 7.7 times (OR=7.73(95%CI=1.77-33.79)).

The gender-specific analysis revealed that males with Ol had a higher risk of having OH
(OR=7.8 (95%CI=1.92-31.74), p=0.004). Participants with Ol had four times the odds to
have fallen at least once in last year (OR=4.29 (95%CI=2.19-8.44), p<0.001) and seven
times the odds of being frail (OR= 7.65 (95%CI=3.81-15.38), p<0.001) as shown in
Table18. Frailty failed to show any association with Orthostatic hypotension at 1% minute,
but gender-specific analysis revealed that men with frailty were having 6 times increased
odds of being OH at 1% minute (OR=5.92 (95%C1=1.73-20.28),p=0.005). Participants who
had OH at the 1% minute had twice the odds (OR=1.97(95%CI=1.05-3.72), p=0.04) to have
fallen in the last year and with FOH had nearly three times the odds (OR=2.8(95%CI=1.04-

7.48), p=0.04) to have fallen in the last year.

Table 18 ASSOCIATION OF Ol FRAILTY AND FALL WITH OH

OH; OH FOH
Crude Crude Crude
OR P OR P OR P
value value value
(95% CI) (95% CI) (95% CI)
1.92 (0.93- 3.03 (1.22- 3.75 (1.39-
Yes 0.079 0.017 0.009
Ol 3.95) 7.51) 10.12)
No Referent
1.74 (0.90- 1.06 (0.42- 2.07 (0.8-
) Yes 0.099 0.8 0.15
Frailty 3.36) 2.73) 5.5)
No Referent
) 1.97 (1.05- 1.3 (0.5- 2.79 (1.04- 0.042
Fall in last Yes 0.036 0.56
3.72) 3.0) 7.48)
year
No Referent

p-value significant at p<0.05
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MULTIVARIATE ANALYSIS

For multivariate analysis, with OH at 3 minute as the outcome, multiple models were
tested using the Enter method and the best model based on Nagelkerke R Square (Pseudo
R? value) and Hosmer and Lemeshow Test p-value was selected. Ten models were built

using the following variables:

Model 1: Age + diabetes mellitus

Model 2: Age + total number of medicines

Model 3: Model 1 + total number of medicines
Model 4: Model 3 + hypertension

Model 5: Model 4+ total number of comorbidities
Model 6: Model 4 + Cognitive impairment

Model 7: Model 4+ frailty

Model 8: Model 1 + total number of comorbidities + Cognitive impairment
Model 9: Model 8 + gender

Model 10: Model 9 + frailty

Model 10 was selected as our final model as it was found to be stable and explained the

maximum variance of OH and correctly classified highest percent of the participants.
Nagelkerke R Square = 0.266 (Pseudo R? value)
Hosmer and Lemeshow Test p-value = 0.063 (p-value > 0.05)

The model explained 26.6% of the variance in OH and correctly classified 92.1% of the

participants. The increasing number of comorbidities was associated with an increased
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likelihood of exhibiting OH, 1.5 times more. The change in the OR after a multivariate

analysis was not observed for the number of comorbidities and cognitive impairment.

Although we observed a change in the adjusted OR compared to crude OR in the

participants with diabetes mellitus.

Table 19 Results of multiple logistic regression analysis

Crude Adjusted
Variables 95% CI 95% CI
OR OR
Increased
Age of participant 1.05 0.99-1.12 0.99 0.91-1.09
by 1
Gender Female 1.13 0.47-2.69 1.13 0.41-3.11
Total number of Increased
1.58 1.25-1.99 1.50 1.08-2.09
comorbidities by 1
Diabetes mellitus  Yes 6.04 2.16 - 16.90 3.54 1.10-11.34
Cognitive
Yes 4.17 1.73 -10.07 471 1.41-15.75
impairment
Frailty Yes 1.07 0.42-2.73 0.27 0.06-1.12
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CHAPTER-4

DISCUSSION AND CONCLUSION

The present cross-sectional community-based study was envisaged to assess the prevalence
of OH in community-dwelling elderly participants of Thiruvananthapuram district. In doing
so, we aimed to find the prevalence of frailty and looked for any association of frailty with
OH. Furthermore, we tried to find the association of OH with socio-demographic and

lifestyle factors.

General characteristics- socio-demographic and behavioural

In our study, women outnumbered men and 60 percent of these women were widows. These
study findings are similar to what census of India 2011 reported (Chandramouli and
General, 2011). A high proportion of widows among the old might be due to the increased
life expectancy among women and the practice among men to marry women a few years
younger. The proportion of the participants with no formal education and the working
population was found similar to a 2013 study in Kerala, but the proportion of elderly unable
to work due to health reasons was almost half of what the 2013 study reported (UNFPA,
2016). Our study reported almost half of our participants in the BPL category, but a state
report states that 12 percent of the population is BPL (Kerala State Planning Board, 2019).
Even though Kerala had an early demographic transition and a significant proportion of
migrants (Zachariah and Rajan, 2015), the proportion of elderly women living alone in our
study was small (~1%) compared to what other states of India reported (Tamilnadu-26%)
(UNFPA, 2016). Functionality measured in terms of ADLSs in our study sample was more
than double the national figure, nearly one-fifth of our participants needed full/partial
assistance. This may be because the proportion of the oldest-old (>80) is higher in Kerala,

which leads to functional limitation (UNFPA, 2016).
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Majority of the study participants (~80%) never used any tobacco products nor consumed
alcohol, and none of the female participants ever smoked tobacco. These findings are
comparable to a study done in rural Kerala were one-tenth of men used smoked tobacco
and one-fifth of men used smokeless tobacco (Sathish et al., 2015). Nearly half of the males
in our study consumed alcohol, similar to what a study in urban Kerala found (Mohan et
al., 2019). Nearly two-thirds of our participants were physically active (61%). Studies
assessing the level of physical activity using the GPAQ shows that there is a sizable
difference in physical activity across different parts of India. Our study finding is
comparable to a study on global ageing and adult health (SAGE) which reported 69 percent
of adults above 50 years as physically active using GPAQ (McCarthy et al., 2018) but is
substantially different from Indian Council of Medical Research-India Diabetes (ICMR-
INDIAB) study which assessed the level of physical activity using the GPAQ and reported
46 percent of adults as physically active (Anjana et al., 2014). However, the population in
this study was much younger compared to ours, mean age 40+15 years. The difference in
the level of physical activity may be due to the increased urbanization leading to lack of
agricultural activities along with growing prevalence and burden of diseases. Geographical
differences and transportation facilities and age are among other factors affecting the

physical activity.
Prevalence of OH

Bedside orthostatic test revealed the prevalence of Consensus OH at 3™ minute to be 9.6
percent. Prevalence of OH as per revised 2011 AAN guidelines was found to be 8.3 percent
in our study and prevalence of OH as per Fedorowski criteria (FOH) was found to be 7.5
percent. There is a scarcity of studies regarding the prevalence of OH from India and other
LMIC among community-dwelling elderly. A study done in Andhra Pradesh among the
elderly (60 and above) who attended an outpatient clinic in a hospital revealed the overall
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prevalence of OH as 12.5 percent (Guntupalli, 2018). It is not directly comparable to our
study since elderly seeking medical care from hospital were likely to report a higher

prevalence of comorbidity and thus, may have a higher prevalence of OH.

Prevalence of OH among community dwellers in the developed countries has been reported
between 5-34 percent and a recent systematic review and meta-analysis found the pooled
prevalence of COH in community-dwelling older people to be 22.2 percent (Saedon et al.,
2020). Our study findings is similar to Progetto Veneto Anziani (Pro.V.A) study done in
Italy among community-dwelling elderly above 65 years which reported the prevalence of

OH as 9.3 percent at baseline (Veronese et al., 2015).

A study done in community-dwelling elderly from the UK using updated consensus
definition of 2011 for OH and using the beat to beat BP monitoring, found the prevalence
of OH as 25 percent (McDonald et al., 2016). The difference in the prevalence of OH in
this study and our study (8.3%) may be due to the relatively younger population in our
study group (60% below 70 years) and, the difference in methods used for measuring OH,
beat to beat is considered superior to using a sphygmomanometer as the latter is considered
unrefined because it underestimates vasodepression. The stage of the epidemiological
transition and medications usage pattern of a population may also be a reason for the

difference in prevalence across studies.

Neither Fedorowski criteria nor the 2011 AAN criteria for OH with similar definitions were
not used widely for OH evaluation. There is no proper, correct assessment for accurate
diagnosis and better standardization has to be done for OH investigation (Tzur et al., 2019).
We were unable to juxtapose with other relevant studies from Kerala or India or across the
globe since no relevant studies were available which used the Fedorowski criteria or 2011

AAN criteria for OH among elderly (Saedon et al., 2020).
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Prevalence of OHT

Our study reported the prevalence of OHT at 3 minute to be 12.1 percent. There is a
scarcity of studies regarding OHT from India and other LMIC among community-dwelling
elderly. Our findings is similar to the Progetto Veneto Anziani (Pro.V.A) study of Italy done
in community-dwelling elderly above 65 years which reported a prevalence of 19.5 percent
at baseline and 10.9 percent after 4.4 years of follow-up (Veronese et al., 2015). A
population-based study done among elderly in China revealed the prevalence of OHT as
3.69 percent (Wu et al., 2008). Another population-based longitudinal study in Israel
among the oldest old showed a prevalence of 4 percent (Bursztyn et al., 2016). Systolic
hypertension in the elderly program (SHEP) cohort reported the prevalence of OHT as 5
percent (Kostis et al., 2019). Our study findings show similarity more to the likes of studies
done among elderly hypertensives, such as the study in elderly outpatients in Japan which
showed a prevalence of 10.8 percent (Kario et al., 2002) and the SPRINT cohort which
reported a prevalence of 21 percent at baseline among older hypertensive (Townsend et al.,
2016). The higher prevalence of OHT in our study may be because of the increased

proportion of hypertensive (~61%) among our study participants.
Prevalence of fall

Our study found the prevalence of fall in the last year to be 37.9 percent which was higher
than the frequency of fall (27%) reported by a study done in the elderly population of rural
Thiruvananthapuram, Kerala (Rekha et al., 2017). Our study included both rural and urban
population which can explain this difference and also it is also a possibility that lesser
healthy elderly stay at home and our study would have missed the healthy elderly

participants. The prevalence of fall among women in our study was 47 percent, which is

52



similar to an earlier study done among community-dwelling elderly women in

Thiruvananthapuram (Johnson, 2006).

Prevalence of frailty

We used a modified fried frailty phenotype and calculated the prevalence of frailty as 29.2
percent among our study participants. The prevalence of frailty found is comparable to
other studies done in India and from developing countries. Our results were similar to a
study done in rural Tamilnadu, where the prevalence of frailty for physical definition was
28 percent in the elderly (Kendhapedi and Devasenapathy, 2019). A cross-sectional study
done in an urban city in Western India among elderly, estimated prevalence to be 26 percent
(Kashikar and Nagarkar, 2016). A large population-based cohort study revealed the
prevalence of fried frailty model to be 11.8% in urban India and the prevalence of
multidimensional frailty model to be 26.1 percent. Handgrip strength was not measured for

the fried frailty model in that study (At et al., 2015).

Prevalence of Ol

Our study finding of the prevalence of Ol as 19.6 percent is not in concurrence with
previous studies, the prevalence of Orthostatic Dizziness varied in elderly population-based
studies from 2 to 19 percent (Wu et al., 2008). A study done on older ambulatory women
above 65 years of age enrolled in a fracture clinic, reported prevalence of orthostatic
dizziness as 19 percent. A population-based study done among adults above 40 years of
age in china revealed the prevalence of Ol as 5.4 percent (Wu et al., 2008) and the Irish
Longitudinal Study on Aging-TILDA found 6.7 percent of the adults above 50 years in the
community shows symptoms of Ol (O’Connell et al., 2015). Number of comorbidities, a
higher proportion of women and old age might be the reasons for the increased prevalence

of Ol in our study, but since there are many known causes of Ol, we cannot envisage
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whether this is just a characteristic of our population or due to some other underlying

factors.

Prevalence of major comorbidities

Prevalence of hypertension in our study was found to be 60.8 percent. Kalavathy et al.
found the prevalence of hypertension among elderly of rural Kerala to be 51.5 percent
(Kalavathy et al., 2000). A study published in 2018 among elderly (60-70 years) from
northern Kerala had found the prevalence of hypertension as 35.7 percent (Jacob and
Kannan, 2018). The difference in Prevalence reported may be due to the difference in
dietary habits or geographical factors as there were no gender or age differences. Usage of
JNC 8 guidelines in our methods might have caused a subtle change in estimating

prevalence because the previous study followed JNC 7 guidelines.

Prevalence of diabetes in our study population was 41.3 percent, which is higher than the
previously reported studies from Kerala. A study done in urban parts of Kerala reported a
prevalence of 29.7 percent in elderly above 65 years of age (Raman Kutty et al., 1999) and
another study was done in rural parts of Kerala among elderly above 60 reported a
prevalence of 28.2 percent (Vijayakumar et al., 2009). Furthermore, another study done on
arural elderly population (60-70 years) in northern Kerala found the prevalence of diabetes
as 23 percent (Jacob and Kannan, 2018). The international diabetic federation has
estimated the prevalence of diabetes among older (60-69 years) men and women in India
as 17 and 18 percent respectively (Saeedi et al., 2019). A plausible reason for the higher
prevalence in our study may be due to over-reporting since diabetes was self-reported or it

may be a characteristic of the population in our study group.

The Brief version of CSI-D showed that 23.8 percent of our study participants have

cognitive impairment, it is similar to a study done in urban areas of Thiruvanthapuram,
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Kerala, which found the prevalence of mild cognitive impairment in community dwelling

elderly above 60 as 26.06 percent (Mohan et al., 2019).

Risk factors of OH

Our study findings are similar to a study done in Finland which showed Age and gender
were not independently associated with OH in the elderly, unlike what literature suggests
(Hiitola et al., 2009). This study also made an attempt to explore other risk factors of OH
and univariate analysis revealed that with each increase in the number of co-morbidities,
the odds of having OH becomes higher by 58 percent. The gender-specific analysis revealed
that these increased odds were higher for males and the odds double. No change in OR after
the multivariate analysis was observed for the number of comorbidities after adjusting for
age, gender, cognitive impairment and frailty. Previous studies have shown that having

multiple co-morbidities increases the odds of OH (Kamaruzzaman et al., 2009).

Our study showed that OH is associated with various conditions that are themselves
established risk factors for impaired prognosis such as diabetes mellitus, arthritis, urinary
incontinence, hypertension, and cognition impairment, orthostatic intolerance, difficulty in
vision and taking multiple medicines (polypharmacy), all these were independently
associated with increased the odds of having OH. With age the number of co-morbidities
increases resulting in increased medicine intake. The higher number of medications is
associated with adverse drug reactions and drug interactions and polypharmacy has been

associated with urinary incontinence in the elderly (Kiigiikdagli, 2019).

Probably being in the advanced state of epidemiological transition may be another reason
for increased comorbidities in our study population. Furthermore, taking certain medicines
(some are already proven to be associated with OH) for the already present comorbid

conditions may increase OH (Milazzo et al., 2012). Our study shows that OH is associated
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with the number of co-morbidities as well as individual co-morbidity. It is very interesting,
how the propinquity of these comorbid factors, acting in unison to show a collective effect

in changing the haemodynamic reflex.

Patients with pre-existing blood pressure dysregulation like essential hypertension and/or
comorbidities that can influence blood pressure changes such as diabetes mellitus will have
more divergence in their BP readings than a normotensive individual. We should look for
distinguishable findings unallied to OH itself. Since OH can be due to non-neurogenic
causes of primary and secondary origin, like the side effects of certain drugs which cause
autonomic dysfunction and it can be endocrine, cardiovascular or renal in origin (Perlmuter

etal., 2013).

Participants with Diabetes mellitus showed 6 times increased odds but when it was adjusted
for known risk factors such as age, gender, the total number of comorbidities and frailty,
the AOR was 3.5. The gender-specific analysis revealed that female diabetics had 26 times
increased odds of having OH. Our findings lend support to previous findings reporting
similar an association between OH with diabetes (Bouhanick et al., 2014; C et al., 2016;
Fedorowski et al., 2010; Gaspar et al., 2016; Wu et al., 1996, 2008). Since there was no
regulation in the time at which bedside test was conducted, at least in some cases insulin
mediated vasodilation may have contributed to postprandial OH, insulin has vasodilation
properties and increased insulin levels after large meals could decrease peripheral
resistance (Shibao et al., 2007). Females live longer but with increased comorbidities. OH
in a diabetic population can occur secondary to autonomic neuropathy, so symptoms of OH

such as Ol should be carefully looked into such patients (Purewal and Watkins, 1995).

Similarly, having hypertension increased the odds of having OH by 7.7 times. Our findings

lend support to previous findings reporting similar associations between OH with
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hypertension (Fedorowski et al., 2010; Gupta and Lipsitz, 2007; Ong et al., 2017; Punchick
et al., 2016; Wu et al., 1996). Some participants would have been previously on
antihypertensive medicines which might have altered the baroreceptor response leading to

varied BP levels.

Participants with cognitive impairment had 4 times higher odds of having OH than those
without cognitive impairment. The gender-specific analysis revealed that males with
cognitive impairment have 7 times higher odds of having OH. AOR for the number of
comorbidities was 4.7 after adjusting for age, gender, diabetes mellitus and frailty. A recent
systematic review and meta-analysis had found that OH is associated with worse cognition
in older populations (Iseli etal., 2019). Bocti et al. opined that OH could represent an under-
recognized correlate of cognitive performance. (Bocti et al., 2017). The higher odds may
be because low BP is accompanied by the compromised cognitive performance with
regards to attention and memory (Duschek and Schandry, 2007) or maybe because of

cerebral hypoperfusion due to systemic hypotension (Roman, 2004)
Association of Ol, frailty and fall with OH

Participants with Ol had three times the odds having OH, the gender-specific analysis
revealed that males with Ol had a higher risk of having orthostatic hypotension at the 1%
2" and 3" minute, OH; (OR=4.69), OH, (OR=5.4), OH3 (OR=7.8). Participants with Ol
had four times the odds to have fallen at least once in last year (OR=4.29). Our study
findings were also similar to a study done in the Netherlands which reported that an increase
in orthostatic complaints increases the risk of falling (van Hateren et al., 2012). Participants
with Ol had seven times the odds of being frail (OR= 7.65). Our findings lend support to
previous findings reporting similar associations between OI and frailty (O’Connell et al.,

2015; Romero-Ortuno et al., 2011).
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Frailty had failed to show an association with Orthostatic hypotension but gender-specific
analysis revealed that men with frailty were at 6 times increased odds of having orthostatic
hypotension in the first minute (OR=5.92). Our study findings were also similar to a study
done on inpatient in a geriatric clinic which found that frailty was associated with OH at 1%
minute (Kocyigit et al., 2019), but they used a different frailty assessment tool-
Comprehensive Geriatric Assessment (CGA) and HUT for measuring OH. Rockwood et
al. suggested that OH may be a marker of the system dysregulation seen in frailty
(Rockwood et al., 2012). A study done using CGA and sitting to standing protocol for OH

among elderly in Italy suggested OH as a marker of clinical frailty (Liguori et al., 2018).

Our study showed that fall in the past year was associated with orthostatic hypotension at
the 1% minute with twice the odds to have fallen down at least once in the last year.
Noteworthy is that FOH a revised OH criteria was also associated with fall. Recent
systematic reviews have already shown how fall and orthostatic hypotension were
positively associated (Mol et al., 2019, 2018; Saedon et al., 2020, 2018; Shaw et al., 2019.
Fall risk has been associated with polypharmacy in previous studies (Leipzig et al., 19993,
1999D; Ziere et al., 2006) and the high proportion of comorbid conditions coupled with the
medication usage, such as the use of a diuretic might cause dizziness as a result of OH and
can lead to falling. This can be a reason for the increased frequency of fall in our study

population.
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Strengths and limitations

To our knowledge, this is the first study that assessed the prevalence of OH and explored
the association of OH and frailty of community-dwelling elderly in Kerala. Selection bias
is one of the major errors which can come in a cross-sectional study. To avoid it, we have
done multistage sampling, and the participants were from different parts of
Thiruvananthapuram with reasonable geographical representation. Collection of data was
done by a single investigator; this may help in eliminating to a great extent the inter-
observer bias. Instruments used for anthropometric measurements were recommended by
the WHO in their different studies, and the same instruments were used for all participants.

Calibration of instruments was done to remove systematic technical bias from our study.

Despite the number of strengths, the study was cross-sectional with certain inherent
limitations like inability to infer causality. Over reporting among participants would have
led to information bias and overestimation of the strength of association. The sample would

have been prone to volunteer bias and recall bias.

Although 71 percent of the elderly live in rural areas and 29 percent live in urban areas, we
have taken equal populations from urban and rural areas. The cross-sectional survey of OH
in the community would have underestimated risk since we had excluded people who were
admitted in hospitals due to fall, people who were bedridden or unable to mobilize
themselves due to fractures occurred from fall or for any other reasons. Our study would
have also missed the people who were out at work, especially MNREGA Scheme
(Mahatma Gandhi National Rural Employment Guarantee Act) and people who were not

present at the time of gathering information for our study.

Socio-economic status was calculated solely on the basis of the colour of ration card

provided to participants by the government, so inherent discrepancies already present were
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not accounted for or removed from the study. Since we used this as a proxy to estimate
poverty, the figures might have been higher in our study. Living alone and abandonment
are serious issues elderly face. In our study we found only 1.3 percent of the individuals to
be living alone. A majority of the people living alone were reluctant to be a part of the
study, possibly for self-preserving themselves from unknown visitors. Interviewer’s age
and sex may have also influenced their behaviour. This would have led to an

underestimation of people living alone.
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Study outcome and Conclusion

Kerala is going through a rapid epidemiological and demographic transition at a pace faster
than the rest of India. The dual burden of diseases and a high level of migration makes it
unique compared to other parts of India. It’s crucial for an elderly to be independent
throughout the lifetime because fall and related injuries can unsettle the usual working of a
household by increasing the economic and psychological burden and the burden to our

health system.

The prevalence of OH in our study is comparable to other similar studies from developed
countries. Diabetes mellitus, arthritis, urinary incontinence, hypertension, and cognition
impairment, orthostatic intolerance, polypharmacy and difficulty in vision may be
independent risk factors for OH. People with comorbidities have markedly increased odds
of OH independent of age, gender, diabetes mellitus, cognitive impairment and frailty. Our
study found that one in every ten older adults is likely to have OH or OHT. Three in every
ten older adults will be frail and four in every ten elderly has fallen in the previous year.

Frailty may be a risk factor for orthostatic hypotension at the 1% minute.

OH and OHT are easily diagnosable and remediable conditions with important clinical
implications and testing for these are not different. Actively monitoring people with
comorbidities and with cognitive impairment and checking them for Orthostatic
Hypotension and Orthostatic Hypertension and thereby reducing fall and associated

morbidities may be an attractive policy option with public health impact.
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ANEXURES

Interview schedule

I SECTION 1
NO | Question Coding criterion Code Variable
options
IDENTIFICATION INFORMATION
1 Cluster
2 Location Panchayat/corporation UR
3 Date of interview dd/mmlyy date
4 Participant ID number Older person code it
SOCIO-DEMOGRAPHIC INFORMATION
5 How old are you? Age of the person, in HitH AGE
completed years(not running)
6 Sex Male 0 GENDER
Female 1
Transgender 2
7 How much schooling have you had? No formal schooling 1 EDUC
Some, but did not complete 2
primary
Completed Primary 3
Completed Secondary (metric) | 4
Completed Tertiary (college) 5
8 Avre you currently married? Never married 1 PMARRY
Married/Co-habiting 2
Widowed 3
Divorced/Separated 4
9 What is the Colour of the ration card you Yellow 1 COLOR
have? Pink 2
Blue 3
White 4
No ration card 5
10 | Previous month’s household income from all HINC
sources (approx. in Rupees)
11 What is the source of your income now? Paid full-time work 1 JOB
Paid part-time work 2
Retired-pensioner 3
Retired -non-pensioner 4
Housewife/house husband 5
(full-time)
Unemployed (able to work) 6
Unemployed (unable to work) | 7
12 | How many earning members (16 years or (for people living alone code 0 LIVING
over) live with you in this household? 0, code 1 for all others) 1
13 | How many hospitalizations did you have in None 0 HOSP
the last year? 1-2 1
>2 2
14 | Are you able to do all the activities of daily Yes 1, skip to ADL
living on your own? No 17
(e.g. Eating, Bathing, Dressing, Mobility 0
Toileting)
15 | Does someone provide care for you? Always 2 CARE
Sometimes 1
Never 0, skip to
17
16 Who provides care for you? Spouse or partner # SPOUSE
Code numbers of adult co-residents within Sons and daughters # SDNO
each category Sons- or daughters-in-law # INLAW
Brothers and sisters # SIBNO
Other relatives # OTHREL
Friends # FRNO
Others # OTHNO
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SECTION 2

BEHAVIOURAL INFORMATION
Now | am going to ask you some questions about various health behaviours. This includes things like smoking,
drinking alcohol, eating fruits and vegetables and physical activity. Let’s start with tobacco

TOBACCO- Smoking Tobacco use

17 | Do you currently smoke any tobacco products, such as bidis, Yes 1,skipto19 | SMK
cigarettes, cigars or pipes, hookah or any other local smoked No 0
tobacco products?
18 | In the past, did you ever smoke tobacco products such as Yes 1 PSMK
bidis, cigarettes, cigars or pipes daily? No 0, skip to 22
19 | On an average, how many (number of times in case of hookah) of the following do you smoke each day/week?
(Record for each type), record 88, if any product is not used instead of leaving blank in the product categories.
If less than daily, record weekly)
Smoked tobacco product Daily Weekly
bidis BIDI
Manufactured cigarettes CIG
Hand-rolled cigarettes HMCIG
pipes PIPE
Cigars, cheroots CIGAR
Hookah/no of shisha session HUKAH
Other local smoked tobacco product (specify)................... LCL
20 | At what age did you start smoking? AGSMK
21 | How long ago did you stop smoking? ....Months STSMK
*question is relevant only for past smokers. .....Years
22 | Are you currently exposed to tobacco smoke at your home or | Yes 1 PASMK
workplace daily? No 0
Smokeless Tobacco use
23 | Do you currently use any smokeless tobacco such as (chewing | Yes 1,skipto25 | SLTB
tobacco, tuibu snuff, betel, gutka, pan masala, etc.)? No 0
24 | If you are not using currently, in the past did you ever use Yes 1 PSLTB
smokeless tobacco products such as chewing tobacco, tuibu, No 0, skip to 28
snuff, betel, gutka, etc.?
25 | On average, how many times a day do you use... (Record for each type) Specify 77 if no products were used in
each category instead of leaving categories blank
Smokeless tobacco product Daily Weekly
Chewing tobacco CHEW
Pan with tobacco PAN
Tuibu, Tobacco Snuff, by mouth TAMBK
Snuff, by the nose SNIFF
Other (specify)......cccooeviinininnn.. XTRA
26 | At what age did you start using smokeless tobacco products? ASLTB
27 | How long ago did you stop using? ....Months ago SSLTB
(*question relevant for past smokers only) .....Years
ALCOHOL USE
28 | Have you ever consumed any alcoholic products (such as Yes 1 ALC
beer, whisky, rum, gin, brandy, wine, toddy or arrack etc.)? No 0, skip to 33
29 | In the past 12 months, how frequently have you consumed any | Never 0,skipto32 | PALC
alcoholic products? Monthly or 1
less 2
2to4timesa 3
month 4
2to 3timesa
week
4 or more
times a week
30 | How many standard drinks (pegs) containing alcohol do you PGALC
have on a typical day when you are drinking?
31 | At what age did you start using alcoholic products? AGALC
32 | If not consumed alcohol within the past 12 months, how long Months ago PRALC 34
ago did you stop alcohol? Years ago
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PHYSICAL ACTIVITY

(Next, I am going to ask you about the time you spend doing different types of physical activity in a typical week.
Please answer these questions even if you do not consider yourself to be a physically active person. 'vigorous-
intensity activities' are activities that require hard physical effort and cause large increases in breathing or heart
rate, 'moderate-intensity activities' are activities that require moderate physical effort and cause small increases in

breathing or heart rate.) (Use Showcard wherever necessary or Insert other examples if needed)

Activity at work

33 | Does your work involve a vigorous-intensity activity that causes Yes 1 P1
large increases in breathing or heart rate, like (heavy lifting, digging | No 0, skip
or other work) for at least 10 minutes continuously? to 36

34 | In atypical week, how many days do you do vigorous-intensity Days per P2
activities as part of your work? week

35 | On atypical day, how much time do you spend doing vigorous- In hours and P3(a-b)
intensity activities at work? minutes Or In

minutes

36 | Does your work involve a moderate-intensity activity that causes Yes 1 P4
small increases in breathing or heart rate, like (brisk walking or No 0, skip
carrying light loads) for at least 10 minutes continuously? to 39

37 | Inatypical week, on how many days do you do moderate-intensity Days per P5
activities as part of your work? week

38 | On atypical day, how much time do you spend doing moderate- In hours Or In P6(a-b)
intensity activities at work? minutes

TRAVEL TO AND FROM PLACES

The next questions exclude the physical activities at work that you have already mentioned. Now | would like to ask
you about the usual way you travel to and from places. For example to work, for shopping, to market, to a place of
worship.

39 | Do you walk or use a bicycle for at least 10 minutes continuously to | Yes 1 P7
get to and from places? No 0, skip
to 42
40 | Inatypical week, on how many days do you walk or bicycle for at No of Days P8
least 10 minutes continuously to get to and from places?
41 | On atypical day, how much time would you spend walking or hours P9(a-b)
bicycling for travel? minutes

RECREATIONAL ACTIVITIES
The next questions exclude the work and transport activities that you have already mentioned. Now | would like to
ask you about sports, fitness and recreational activities (leisure)

42 | Do you do any vigorous-intensity sports, fitness or recreational Yes-1 P10
(leisure) activities that cause large increases in breathing or heart If yes,----days/week &
rate like [running] for at least 10 minutes continuously? [INSERT | ------ hour:---
EXAMPLES] minutes/day

No-0, skip to 45

43 | In atypical week, on how many days do you do vigorous-intensity Number of days P11
sports, fitness or recreational (leisure) activities?

44 | How much time do you spend doing vigorous-intensity sports, Hours: minutes P12(a-b)
fitness or recreational activities on a typical day?

45 | Do you do any moderate-intensity sports, fitness or recreational Yes-1 P13
(leisure) activities that cause a small increase in breathing or heart If yes,----days/week &
rate such as brisk walking, [cycling, and swimming] for at least 10 | ------ hour:---
minutes continuously? [INSERT EXAMPLES] (USE minutes/day
SHOWCARD) No-0, skip to 48

46 | In atypical week, on how many days do you do moderate-intensity Number of days P14
sports, fitness or recreational (leisure) activities?

47 | How much time do you spend doing moderate-intensity sports, Hours: minutes P15(a-b)

fitness or recreational (leisure) activities on a typical day

Sedentary behaviour

The following question is about sitting or reclining at work, at home, getting to and from places, or with friends
including time spent [sitting at a desk, sitting with friends, travelling in car, bus, train, reading, playing cards or
watching television], but do not include time spent sleeping. [Insert examples]

48 | How much time do you usually spend sitting or reclining on a Hours : minutes P16(a-b)
typical day?

DIET (use Showcard wherever necessary.)

49 | In a common week, on how many days do you eat fruit? Number of days WFRT

50 | How many servings of fruit do you eat on one of those days? Number of servings FRTS
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51 | In a common week, on how many days do you eat vegetables? Number of days WVEG
52 | How many servings of vegetables do you eat on one of those days? Number of servings VEGS
53 | Do you follow the practice of adding salt to rice when being cooked | Yes 1 SALT
or served? No 2
54 | How often do you consume each of the following? (USE CODE: DAILY — 1; AT LEAST ONCE IN A
WEEK — 2; ONCE IN A MONTH —3; OCCASIONALLY OR RARELY - 4; NEVER - 5)
Red meat RM
Eggs EGG
Chicken CHICK
Fish FISH
salted fish SALT
Pickle PICKL
Pappad PAPPD
1I. SECTION 3

MORBIDITIES AND TREATMENT HISTORY (self-reported)

(code 1 for yes, if you have the problem, write the age in the age column

Write prescription drugs in the respective column leave blank for don’t know or don’t want to respond or not
relevant. For myocardial infarction the participants have to report if they ever had the diseases)

Problem Do you have the Age at which problem was | Prescription drugs
problem? diagnosed
Diabetes CM1
Stroke CM2
High blood pressure CM3
myocardial infarction CM4
Other heart diseases CM5
COPD CM6
Chronic Kidney disease CM7
Arthritis CM8
Hyperlipidaemia CM9
(Cholesterol)
Urinary incontinence CM10
Cataract or visual difficulty CM11
Deafness CM12
Others (specify)........ OCM
Total no of morbidities TCM

COGNITIVE ASSESSMENT- CSI-D

Instructions. Administer this test in a quiet space, free from distractions, and with the older person alone if possible.
Make sure they are attending to you, and speak loud enough and clearly so that they can hear you. Ask the questions
exactly as they are written.

CODE 1 for correct answers. CODE 0 for incorrect answers, unintelligible answers, and no answer. Administer all
questions, and do not leave any items uncoded.

CO | CSI-D Memory registration task
(No coding needs to be made for this item — this is to register the three words)
Say “Now I am going to tell you three words and I would like you to repeat them after me — BOAT, HOUSE,
FISH”
Repeat this process, up to six times, stopping when all three words are repeated accurately. At this point, or
after six trials say “Very good, now try to remember these words because I will be asking you later”
C1 | Point to your elbow, and then ask “What do we Correct answer “elbow” # | ELBOW
call this?”
C2 | What do you do with a hammer? Correct answer “to drive anail into | # | HAMMER
something”, or similar
C3 | Where is the local market/local store? Correct answer — a person can # | STORE
plausibly describe the general
location
C4 | What day of the week is it? Correct answer — only the correct # | DAY
day of the week is accepted
C5 | What is the season? Correct answers need to be locally # | SEASON
determined
C6 | | am going to ask you to carry out the action so Both actions must be completed # | POINT
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please listen carefully because I will only tell and in the correct order
you one time - Please point first to the window
and then to the door
C7 | Do you remember the three words I told you a Correct answer — WORDDEL
few minutes ago? BOAT 1 0 |
HOUSE
FISH 11
(CODE total number of words 2
remembered accurately) —
3
C8 | TOTAL COGNITIVE SCORE — SUM ALL OF THE BOXES C1-C7 | TCS

OH SYMPTOM ASSESSMENT (OHSA)

Please tick the number on the scale that best rates how severe your symptoms from low blood pressure have been on
the average over the past week. You should respond to every symptom (symptoms of your low blood pressure
problem will appear either upon standing or after you have been standing for some time, and will usually improve if
you sit down or lie down. Some patients even have symptoms when they are sitting which might improve after lying
down. Some people have symptoms that improve only after sitting or lying down for quite some time)

If you do not experience the symptom, circle zero (0).

Dizziness, light-headedness, feeling faint or feeling like you might blackout

None |1 2 3 4 5 6 7 8 9 10 Worst
possible
Problems with vision (blurring, seeing spots, tunnel vision, etc.)
None |1 2 3 4 5 6 7 8 9 10 Worst
possible
Weakness
None |1 2 3 4 5 6 7 8 9 10 Worst
possible
Fatigue
None |1 2 3 4 5 6 7 8 9 10 Worst
possible
Trouble concentrating
None |1 2 3 4 5 6 7 8 9 10 Worst
possible
Head and neck discomfort
None | 1 2 3 4 5 6 7 8 9 10 Worst
possible
CHECKLIST FOR ACCESSING RISK OF FALLING (4dd up the number of points for each “yes” Points | ####
answer. If you scored 4 points or more, you may be at risk for falling)
I have fallen in the past year. Yes 2
No 0
I use or have been advised to use a cane or walker to get around safely. Yes 2
No 0
Sometimes | feel unsteady when | am walking Yes 1
No 0
| steady myself by holding onto the furniture when walking at home. Yes 1
No 0
I am worried about falling. Yes 1
No 0
I need to push with my hands to stand up from a chair. Yes 1
No 0
I have some trouble stepping up onto a curb. Yes 1
No 0
I often have to rush to the toilet. Yes 1
No 0
I have lost some feeling in my feet. Yes 1
No 0
| take a medicine that sometimes makes me feel light-headed or more tired than usual. Yes 1
No 0
| take medicine to help me sleep or improve my mood. Yes 1
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No 0

| often feel sad or depressed. Yes 1
No 0
SCORE RFL
V. SECTION 4
PHYSICAL MEASUREMENTS
Height (in Centimetres) HT
Weight (in Kilograms) if too large, code 666.6 WT
BLOOD PRESSURE -  Cuff size used ( Small, Normal, Large as 1, 2,3) CUFF
Supine position (baseline) | 15T READING 2ND 3RD AVERAGE
(lying down) READING READING
Systolic  mmHg SBPO
Diastolic mmHg DBPO
Pulse rate ( per minute)
PLO

Standing position
At first minute Systolic mmHg SBP1

Diastolic mmHg DBP1
At second minute Systolic mmHg SBP2

Diastolic mmHg DBP2
At third minute Systolic mmHg SBP3

Diastolic mmHg DBP3
Pulse rate ( per minute) At 1 minute PL1
Pulse rate ( per minute) At 2 minute PL2
Pulse rate ( per minute) At 3 minute PL3
ISOMETRIC HAND GRIP STRENGTH
Which is your Dominant hand Right 1 DMH

Left 0

Reading 1 (kg) Reading 2 (kg) | Reading 3 AVERAGE
(kg) (kg)

Right hand HGR
Left hand HGL

SLOW WALKING SPEED -Gait speed test

Instruction: Lay a five-meter length of string along flat ground free of obstacles, and well lit. If required, the person may use a
walking aid, but should not be assisted by another person. Ask the person to walk normally to the end of the string, turn round and
walk back again observing the number of steps (you will need to count) and the time taken to perform the task

Can the person complete the task?

Cannot complete the task

1

Completes the task with a
walking aid

2

Completes the task without
walking the aid

3

NOGAIT

gait speed

Time taken to perform the task

NEO12B

number of steps

Number of steps taken to

complete the task

STEPNO
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Exhaustion- Poor endurance and energy

(CES-D) Scale- If the answer was three or more days in the last week to either of these two questions,
the respondent was considered as frail for this component)

HiHHE

During the past week- Rarely or none of the time (less than 1 day ) 1

| felt that everything | did was an effort Some or a little of the time (1-2 days) 2
Occasionally or a moderate amount of time (3-4 | 3
days) 4
Most or all of the time (5-7 days)

During the past week- Rarely or none of the time (less than 1 day ) 1

I could not get going Some or a little of the time (1-2 days) 2
Occasionally or a moderate amount of time (3-4 | 3
days) 4
Most or all of the time (5-7 days)

Weight loss- Self-reported weight loss assessed using a single item from the Geriatric Mental State

(Those reporting weight loss of 4.5 kg or more in the last three months were considered to have this

frailty.)

“Have you lost any weight in the last one > 4.5kg 0

year?” <4.5kg 1
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Participant Information Sheet

Sir/ Madam,

Namaskaram, | am Akhil.S, studying for Masters of Public Health (MPH) at Achutha Menon Centre for
Health Sciences Studies, Sree Chitra Tirunal Institute for Medical Sciences and Technology, Trivandrum. |
am planning to conduct a research titled ‘Prevalence of Orthostatic Hypotension among community-dwelling
elderly aged 60 and above in Thiruvananthapuram district.” as a part of the course requirement for
postgraduate studies (Masters of Public Health). This consent form may contain terms and information that

you do not understand. Please ask me if any words or information is not clearly understood by you.
Purpose of the study

There is a growing concern about the increase in injuries due to falling in our country among the elderly. One
such risk factor for fall is orthostatic hypotension in the elderly. People who are at high risk of fall have to be
identified. This study is done to find the prevalence of orthostatic hypotension in the elderly in our community

setting.
Procedure

The survey would take approximately 50-60 minutes of your valuable time. You will be asked questions in
private. Questions will be related to behaviours like smoking/chewing tobacco, drinking alcohol, diet,
physical activities. Questions inquiring about the history of diabetes, hypertension and previous illness will
be asked. Height, weight, blood pressure and handgrip strength will be measured using instruments. The

collected data will be used for research purpose only.
Why have you been invited

You are invited for this study since you full fill the inclusion criteria defined for this survey. Your ward was

selected randomly by a lottery system.
Voluntary participation

Your participation in this study is purely voluntary, which means you can decide whether to participate or

not. If at any stage you wish to discontinue, you are free to do so without any adverse consequences.
Possible disadvantages and risks of taking part

Participation in the study poses no risk to your health and well-being. One of the rare risks may be a loss of
confidentiality. We have taken measures to minimize the risks. You would be asked questions which you
may find personal, such as questions about your behaviour and lifestyle and questions about morbidity
(diseased condition) which you may find stressful. You may get exhausted while trying to answer the
questionnaire or in compliance with taking physical measurements and may require a break in between while

participating.
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Possible benefits of taking part

There may not be any direct benefit to you from this study other than knowing your blood pressure, height
and weight. The information we get from the study will help to increase the understanding of the prevalence

of orthostatic hypotension in the elderly. This understanding may help others in the future.
Cost and financial benefit

There will be no costs to you for participating in this study. And you will not be paid for your participation
in this study.

Confidentiality

You will be interviewed in private. All information related to you will be kept confidential and at no stage,
your identity will be revealed. A respondent identification number (RIN) will be assigned to each participant
that will help in maintaining the confidentiality of the data collected. Access to this number will be restricted
to those analysing the data only. Participant confidentiality will be safeguarded during and after the study.

The study data will be stored for a period of 3 years from the date of data collection.
Results of the research study

The final thesis report will be submitted for the fulfilment of the requirements of the MPH degree. The
conclusions emerging from the study will be presented to experts in the field for comments and to initiate
further research. The findings will be shared with the health department for implementing new actions and
policy changes. The thesis will be published in Dspace sctimst. The findings may get published as a working

paper and presented in scientific conferences and may be shared in appropriate scientific journals.
Contact information

If you have any research-related questions you may contact me or if you have any ethics-related questions or
you would like to verify my credentials, you may contact me or a member of our institute’s ethics committee

at the following address

Akhil.S Dr Mala Ramanathan

MPH 2018 Member Secretary, Institutional Ethics Committee
AMCHSS, SCTIMST, TRIVANDRUM-695011 AMCHSS, SCTIMST, TRIVANDRUM

Mobile: 7907480675 Office: 2524234

Email: crsanair@gmail.com Email: iec.mem.sec@sctimst.ac.in
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CONSENT FORM

I have read/been read out the information in the information sheet. The nature of the study
and my involvement has been explained and all my questions have been answered
satisfactorily. By signing the consent form, | indicate that | understand what will be
expected of me and that | am willing to participate in this study. | understand that
participation in the study is voluntary and that | am free to withdraw at any time, without
giving any reason. | understand that my identity will not be disclosed. Further information
will not be released to third parties or published. | have been informed who should be
contacted if the need arises. | have been given a copy of the information sheet for my

reference.

Participant’s name

Participant’s signature/ thumb impression

Date

Interviewer’s name

Interviewer’s signature

Date
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SREE CHITRA TIRUNAL INSTITUTE FOR MEDICAL SCIENCES AND TECHNOLOGY, TRIVANDRUM

Thiruvananthapuram - 695 011, Kerala, India
(An Institute of National Importance under Govt. of India)

Grams : Chitramet, Phone : +91-471-2443152, Fax : +31-471-2550728 / 2446433, E-mail : sct@sctimst.ac.in, Websile : www.sctimst.ac.in

Institutional Ethics Committee
(IEC Regn No. ECRI189/InstKL/2013/RR-16)

SCT/IEC/ 1446/NOVEMBER-2019 14.11.2019

Dr. Akhil §
MPH Student, AMCHSS

SCTIMST, Thiruvananthapuram
Dear Dr. Akhil,

The Institutional Ethics Committee reviewed and discussed your application to conduct the study entitled
‘PREVALENCE OF ORTHOSTATIC HYPOTENSION AMONG COMMUNITY-DWELLING ELDERLY AGED 60 AND ABOVE IN
THIRUVANANTHAPURAM DISTRICT (IEC/1446)" on 2nd November, 2019.

The following documents were reviewed:
Qriginal submission

1. Covering lefter addressed fo the Chairperson, IEC, SCTIMST daled 16.10.2019 with checklist forwarded by HOD and Guide
2. Full proposal.

3. IEC application form

4. TAC Approval letter

5. Forwarding leter from HOD and Guide

6. Tools for the study-Interview schedule in English and Malayalam

7. Participant Information Sheet and Informed Consent Form in English and Malayalam

8. CVof Principal Investigator

Revised submission

1. Covering letter addressed to the Chairperson, IEC, SCTIMST dated 11.11.2019 with checklist
2. Copy of IEC Recommendation Letter dated 05.11.2019

3. Full proposal.

4, IEC application form

5. TAC Approval letter

6. Forwarding letter from HOD and Guide

7. Tools for the study-Interview schedule in English and Malayalam

8. Participant Information Sheef and Informed Consent Form in English and Malayalam

9. CVof Principal Investigator
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The following members of the Ethics Committee were present at the meeting held on 21 November, 2019 at

G. Parthasarathi Board Room, AMCHSS, SCTIMST

SL. Member Name Highest Degree Gender  Scientific /Non Scientific  Affliation with
No. Institution(s)
1. Dr. Harikrishnan S MD, DM (Cardiology) Male Clinician Yes
DNB (Cardiology)

2. Dr. Kala Kesavan. P MBBS, MD Female  Basic Medical Scientist No

3. Smt. Sathi Nair MA (English Literature) ~ Female  Lay Person No

4. Dr. Christina George MD Psychiatry Femele  Clinician No

5. Dr. Mala Ramanathan PhD Female  Social Scientist Yes

(Member Secretary)

IEC Decision

The |IEC approved the conduct of the study in the present form.

Remarks:

The Institutional Ethics Committee expects to be informed about the progress of the study, any SAE occurring in the
course of the study, any changes in the protocol and patient information/informed consent and asks to be provided a

copy of the final report.

There was no member of the study team / Guide who participated in voting / decision making process. The ethics
committee is organized and operated according lo the requirements of Good Clinical Practice and the requirements

of the Indian Council of Medical Research (ICMR).

Sincerely,
Moo nah’
Mala Ramanathan -

Member Secretary, IEC
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