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[bookmark: _GoBack]Abstract
Because frailty may represent impaired response to physiological stress we explored the associations between frailty and orthostatic hypotension (OH), and orthostatic intolerance (OI). This study was based on a cross-sectional analysis of 5692 community dwelling adults aged 50 years and older included in wave 1 of the Irish Longitudinal Study on Ageing.
Frailty was assessed using both the phenotypic (FP) and frailty index (FI) models. OH was defined as a drop of ≥20mmHg in systolic blood pressure or a drop of ≥10mmHg diastolic pressure on standing from a seated position. OI was defined as reporting feeling dizzy, light headed or unsteady during this test. 346 (6.1%) participants had OH and 381 (6.7%) participants had OI. The prevalence OH in frail participants was 8.9%, compared to 5% in robust. Similarly the prevalence of OI was 14.3% in frail and 5.7% in robust participants. After adjustment for age and gender, OH was not significantly related to the FP (OR=1.10 95%CI=0.67 , 1.81). Conversely OI was (OR=1.80 95%CI=1.13 , 2.87), even  after adjustment for age, gender, cardiovascular factors and mental health. In fully adjusted models OI remained related to slowness and low muscle strength and to higher FI scores. These data suggest OI symptoms in older adults may reflect various important underlying health deficits, indicative of increasing levels of frailty. Further assessment of frailty in patients experiencing OI is a potential opportunity for early intervention to delay functional decline.  
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Introduction

Frailty is understood as a non-specific state of vulnerable health that presages adverse outcomes in older people (Bergman et al., 2007). Of the many models proposed to measure frailty two contrasting methods currently predominate (Lacas and Rockwood, 2012). The first conceptualizes frailty as a specific frailty phenotype (FP) recognisable from the presence of at least 3 criteria from slowness, weakness, shrinking, exhaustion and low physical activity (Fried et al., 2001). The second takes a broader approach, grading frailty according to the accumulation of age related health deficits summarised as a Frailty Index (FI) (Rockwood and Mitnitski, 2007). This model may include any variable related to the health of older people, ranging from physical signs and symptoms to social isolation (Rockwood and Mitnitski, 2007). 

At the heart of frailty may be an impaired ability to respond to stressors arising from losses in homeostatic regulatory function (Varadhan et al., 2008). However, few studies have directly measured stress responses in frail older adults. Orthostasis, the act of achieving or maintaining an upright posture, represents a mild physiological challenge that requires an integrative neuro-cardiovascular response to maintain adequate blood pressure (BP) and organ perfusion. An impaired response to orthostasis may lead to excessive falls in BP, known as orthostatic hypotension (OH). OH is most commonly defined according to the consensus definition as a fall of ≥20 mmHg in systolic blood pressure (SBP) or ≥10 mmHg in diastolic pressure (DBP) within 3 minutes of standing from a supine or seated posture (The Consensus Committee of the American Autonomic Society and the American Academy of Neurology, 1996). This condition may be accompanied by symptoms, such as feeling dizzy, unsteady or light headed, known as orthostatic intolerance (OI), or either condition may occur in isolation (Low, 2008). Like frailty, OH has been proposed as an indicator of overall health state, and is associated with a variety of adverse outcomes (Rose et al., 2006; Shibao et al., 2007). OH and associated OI may represent an expression of the physiological vulnerability underlying frailty and one potential mechanism through which impaired stress response may lead to adverse outcomes (falls) in older adults. 

Previous work from this group, using continuous beat-to-beat BP monitoring, suggested some impairment in orthostatic hemodynamic responses in frail older adults, defined using the FP, from the Technology Research for Independent Living (TRIL) study, a convenience sample of 442 older Irish adults (Romero-Ortuno et al., 2011b). No relationship was seen between the consensus OH definition and frailty in this sample, but frailty was related to initial OH (IOH), a construct combining an initial drop in SBP of ≥40mmHg on standing and symptoms of OI (Romero-Ortuno et al., 2011a). Similarly, in a separate analysis from this study an unadjusted trend towards higher frequency of OI symptoms was seen in frailer participants (Romero-Ortuno et al., 2011b). More recently a report from the Canadian Study of Health and Ageing (CSHA) suggested a relationship between frailty, assessed by the FI and OH, but no relationship with the FP in men and women aged ≥75 (Rockwood et al., 2012). This study did not assess relationships with OI symptoms. Neither of these earlier studies included an in depth analysis of the relationships with the individual criteria or domains of the FP, or detailed statistical adjustment for potential covariates. 

This aims of this study were: 1) to explore the relationships between frailty, assessed using both the FP & FI models, OH and OI in a population sample of Irish adults aged 50 and over. 2) to assess the effects of potential covariates, specifically cardiovascular and mental health and medication usage, on these relationships 3) to explore the specific relationships with the constituent frailty criteria.  

Materials and Methods 
Sample
The Irish Longitudinal Study on Ageing (TILDA), includes 8175 participants representative of the community living population aged 50 and over in Ireland.  Households were selected in geographic clusters from a list of all residential addresses in Ireland. Each selected household was visited by an interviewer and any resident aged 50 or over as well as their spouse or partner were invited to participate. The household response rate was 62.0%. Each participant provided written informed consent.  Those with cognitive impairment that prevented meaningful consent being given were not included in the study.

Participants were interviewed in their homes by trained professional interviewers and answered questions on many aspects of health, lifestyle, social interactions and financial circumstances.  Each participant was then invited to travel to one of two health centers for a comprehensive health assessment.  Participants who were unable or unwilling to attend a health centre were offered a modified assessment in their own home. 5035 (61.6%) participants completed a health assessment in one of the study centres and 860 (10.5%) completed a home assessment. The sampling procedure, home interview and health assessment have all been described in detail previously (Kearney et al., 2011a).  The measures specific to the current analysis are detailed below.

Frailty measures
Frailty was assessed using both the FP and the FI. The precise measures and methods used to operationalise the FP in TILDA have been described previously (Savva et al., 2012).  Briefly, the criteria were:
Weakness: assessed by handgrip strength, using the cut-points 20.5kg for men with BMI<24, 21.5kg for men with BMI of 24-26, and 23kg for men with BMI >26, 11.5kg for women with BMI<23 and 13kg for women with BMI>23.
Slowness: assessed by the timed up and go test (TUG) using cut-points of 11.5 seconds for women ≤159cm in height and 10.5 seconds for women >159cm. As cut-points were similar in men taller and shorter than 173cm, a single cut-point of 10.8 seconds was used for all men.
Low Activity: assessed using the International Physical Activity Questionnaire (IPAQ), with the cut-points 868 kcal per week for men and 309 kcal per week for women.
Exhaustion: assessed using 2 items from the centre for epidemiological studies depression scale (CES-D). Participants were asked how often in the last month they felt ‘I could not get going’ and ‘I felt everything I did was an effort’. A response of ‘sometimes’ or ‘often’ was classed as positive for this criterion. 
Shrinking: assessed by self-reported weight loss, participants who reported losing 10 or more pounds (4.5kg) unintentionally in the last year were classed as positive for this criterion. 

Previously in TILDA the slowness criterion was assessed using gait speed over 16 feet (Savva et al., 2012): TUG was used here as this test was available for home based as well as centre based health assessments. For consistency with previous TILDA reports, cut-points were defined as the lowest 20% from participants aged ≥65 in the health centre group, stratified by gender, height and BMI as appropriate (Fried et al., 2001). These cut-points were then applied to the pooled sample. Participants presenting with 0 criteria were classified as non frail or robust, those with 1 or 2 as prefrail and those with 3 or more as frail (Fried et al., 2001). 

The FI was constructed according to standard methods (Searle et al., 2008): deficits included were related to age and health status, did not saturate in prevalence too early and reflected function across multiple different health domains (Searle et al., 2008). As in previous studies, the FI was constructed entirely from self-reported variables (Mitnitski et al., 2004). This meant the model could be applied to the entire TILDA sample, not just those who underwent a health assessment. Table 1 lists the 40 items included in the FI. FI scores are calculated as the proportion of deficits present, i.e. the number of deficits present divided by the total number sampled (Searle et al., 2008). 


















	Table 1: Items included in the Frailty Index

	1.Difficulty walking 100m
	21.Intrusive pain

	2.Difficulty jogging 1.5km
	22.Knee pain

	3.Difficulty rising from chair
	23.Urinary incontinence

	4.Difficulty climbing several flights of stairs
	24.Hypertension

	5.Difficulty climbing 1 flight of stairs
	25.Angina

	6.Difficulty stooping, kneeling or crouching
	26.Heart attack

	7.Difficulty reaching above shoulder height
	27.Diabetes

	8.Difficulty pushing/pulling large objects
	28.Stroke

	9.Difficulty lifting/carrying weights ≥10lb
	29.Transient ischemic attack

	10.Difficulty picking up coin from table
	30.High cholesterol

	11.Difficulty preparing a hot meal
	31.Irregular heart rhythm

	12.Difficulty with household chores
	32.Other cardiovascular disease

	13.Difficulty shopping for groceries 
	33.Cataracts

	14.Feeling lonely
	34.Glaucoma

	15.Poor self rated physical health
	35.Age related macular degeneration

	16.Poor self rated vision
	36.Lung disease

	17.Poor self rated hearing
	37.Arthritis

	18.Difficulty following a conversation
	38.Osteoporosis

	19.Daytime sleepiness
	39.Cancer

	20.Polypharmacy (≥5 medications)
	40.Varicose ulcer
















Sit-to-stand blood pressure
Participants underwent a sit-to-stand orthostatic stress test. 
Seated blood pressure:  Two seated SBP and DBP measurements were obtained separated by 1 minute using an OMRONTM digital automatic blood pressure monitor (Model M10-IT). Participants had been seated for at least 30 minutes and were a minimum of 1 hour pre or post lunch when the measurement was obtained.  The means of the two sitting SBP and DBP readings were used in the analysis.

Standing blood pressure: After 1 minute the participant was asked to stand and a single SBP and DBP measurement was obtained, using the same monitor with the cuff at heart level. Immediately after the standing BP measurement, participants were asked to report whether they had felt dizzy, light-headed or unsteady on standing (yes or no to any of the symptoms).  

OH was defined as a drop of ≥20 mmHg SBP or ≥10 mmHg in DBP on standing. The use of only a single standing measurement means this differs slightly from the consensus definition, in which the drop may occur and/or be sustained for up to 3 minutes post standing (Freeman et al., 2011; The Consensus Committee of the American Autonomic Society and the American Academy of Neurology, 1996). Participants who reported feeling dizzy, light-headed or unsteady on standing were classified as having orthostatic intolerance (OI). The seated and standing BP and the change between the 2 measurements (delta) were also included in analysis to give a complete overview of the orthostatic responses.

Other measures
Height and weight were measured using standard procedures and body mass index (BMI) defined as weight (kg) divided by height2 (m). Participants were asked to report doctor diagnoses of any cardiovascular or other chronic health conditions as well as a list of medications. Participants were also asked about health behaviors including alcohol use and smoking. Depression was assessed using the 20 item CES-D, the two items used in the frailty definition were excluded for this analysis. 
Statistical Analyses 
Differences in hemodynamic variables and other characteristics across FP categories were assessed using analysis of variance (ANOVA) or Kruskil-Wallis tests for continuous variables and Chi² for discrete variables. The relationships between FI scores and age, including individual scores and linear regression fits, stratified by OH or OI status were visualized graphically. The relationships between the 2 frailty models and OH or OI were assessed using binary logistic regression models. The relationships between the 2 frailty models and continuous BP variables (seated, standing and delta) were assessed using linear regression models. In all models the BP or orthostatic response variables were treated as outcomes. For the FP, the models compared the odds of having OH or OI, or the differences in the other BP variables in the prefrail or frail groups against robust. For the FI, these comparisons were for a 0.1 increase in FI score. In all cases, 3 different models were fit to account for the influences of different kinds of confounders. Model 1 included demographic factors, age and gender. Model 2 additionally included cardiovascular factors, BMI, smoking, self reported CVD conditions (hypertension, angina, stroke, heart attack, high cholesterol) and antihypertensive medications (antihypertensives, diuretics, beta blockers, calcium channel blockers, renin-angiotensin system agents). Model 3 additionally included mental health factors, depression and antidepressant medications. All analyses were performed using Stata version 12.

Results 
Sample
The FI was constructed for the entire sample of 8175 people, however the main analysis was based on the subset of 5692 participants who completed a health assessment and had complete data on the frailty criteria. The mean age of this sample was (mean (SD)) 63.0 (9.2) years, and 3073 (54%) were female (Table 2). 900 (15.8%) were current smokers and 3664 (64.4%) had at least one cardiovascular disease condition (Table 2).  
Sit-to-Stand stress test
The overall (mean (SD)) seated SBP was 135.6 (19.9) mmHg and the mean DBP was 82.4 (11.2) mmHg and (Table 2). SBP levels were similar in seated and standing postures, whereas DBP tended to increase slightly on standing (Table 2). The prevalence of OH was 6.1% and the prevalence of OI was 6.7% (Table 2). 
Frailty
According to the FP, 244 participants were classed as frail, and 1965 as prefrail. Frailer participants were older, had a higher BMI and more depressive symptoms (Table 2). Frailer participants were also more likely to smoke, to have cardiovascular disease and to use antihypertensive or antidepressant medications (Table 2). The (median (IQR)) FI score was 0.10 (0.05 - 0.18) with increasing scores seen across the FP categories (Table 2). The correlation between the two frailty models was 0.4. 
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	Table 2: Descriptive Statistics by Frailty Status

	 
	Overall
	Robust
	Prefrail
	Frail
	 P

	n
	5,692
	3,483
	1,965
	244
	

	Demographic and general characteristics (mean (SD))

	Age
	63.0 (9.2)
	60.8 (7.7)
	65.9 (10.0)
	71.7 (11.1)
	<0.001

	BMI
	28.7 (5.1)
	28.3 (4.7)
	29.2 (5.4)
	29.9 (6.9)
	<0.001

	Demographic and general characteristics (median (IQR))

	Depressive symptoms
	3 (1 - 7)
	3 (0 - 5)
	5 (1 - 9)
	9 (3 - 16)
	<0.001

	Frailty Index
	0.10 (0.05 - 0.18)
	0.08 (0.03 - 0.13)
	0.14 (0.08 - 0.23)
	0.33 (0.23 - 0.40)
	<0.001

	Demographic and general characteristics (count (%))

	Female
	3073 (54.0)
	1854 (53.2)
	1080 (55.0)
	139 (57.0)
	0.3

	Smoker
	900 (15.8)
	485 (13.9)
	347 (17.7)
	68 (27.9)
	<0.001

	≥ 1 CVD conditions
	3664 (64.4)
	2082 (59.8)
	1384 (70.4)
	198 (81.2)
	<0.001

	On antihypertensives
	2083 (36.6)
	1034 (29.7)
	896 (45.6)
	153 (62.7)
	<0.001

	On antidepressants
	372 (6.5)
	139 (4.0)
	182 (9.3)
	51 (20.9)
	<0.001

	Orthostatic Hypotension definitions (count (%))

	Consensus OH
	346 (6.1)
	175 (5.0)
	150 (7.7)
	21 (8.9)
	<0.001

	OI
	381 (6.7)
	198 (5.7)
	148 (7.5)
	35 (14.3)
	<0.001

	Mean (SD)

	Systolic Blood Pressure (mmHg)

	Seated
	135.6 (19.9)
	134.8 (19.0)
	136.8 (20.9)
	137.3 (22.7)
	0.001

	Standing
	136.0 (20.9)
	135.7 (19.9)
	136.6 (22.1)
	136.4 (24.2)
	0.29

	Delta
	0.5 (11.3)
	0.9 (10.9)
	-0.2 (11.6)
	-0.8 (12.6)
	0.011

	Diastolic Blood Pressure (mmHg)

	Seated
	82.4 (11.2)
	82.9 (11.0)
	81.8 (11.5)
	79.3 (11.7)
	<0.0001

	Standing
	86.1 (11.4)
	87.0 (11.0)
	85.1 (11.7)
	82.5 (13.2)
	<0.0001

	Delta
	3.8 (6.8)
	4.1 (6.4)
	3.3 (7.2)
	2.7 (8.5)
	0.0002

	P values are from ANOVA for normally distributed continuous variables, Kruskil-Wallis for non normal and Chi² for categorical variables



Orthostatic responses and the FP
Seated SBP was higher in frailer participants, standing levels were similar across groups (Table 2). The change on standing also differed significantly across groups, tending towards small increases in robust and slight drops in frailer participants (Table 2). Seated and standing DBP was lower in frailer participants and they tended to experience smaller increases on standing. The prevalence of OH increased across the frailty categories from 5% in non frail, to 7.7% in prefrail and 8.9% in frail participants (Table 2).  Similarly, the prevalence of OI increased from 5.7% in robust, to 14.3% in frail participants (Table 2).

In adjusted analyses, frailty was associated with lower seated and standing SBP and DBP (Table 3). There was also a trend towards smaller increases in DBP on standing, which remained significant for the frail group after adjustment for age, and for the prefrail group after full adjustment (Table 3). The relationship between frailty and OH was attenuated by adjustment for age and sex (OR=1.22 95%CI=0.96 , 1.55 for prefrail and OR=1.10 95%CI=0.67 , 1.81 for frail) (Table 3). Adjustment for age, sex and cardiovascular factors did not explain the relationship between frailty and OI (OR=1.36 95%CI=1.08 , 1.71 for prefrail and OR=2.64 95%CI=1.72 , 4.04 for frail) (Table 3). Further adjustment for mental health (depression and antidepressant use) reduced the relationships, but the effect remained in the frail group (OR=1.80 95%CI=1.13 , 2.87). 






	Table 3: Regression Models for the Association between the Frailty Phenotype, Hemodynamic variables and Orthostatic Intolerance  

	 
	Model 1
	Model 2
	Model 3

	Odds Ratios (95% CI)
	 
	 

	OH
	
	
	

	Prefrail
	1.22 (0.96 , 1.55)
	1.21 (0.95 , 1.54)
	1.14 (0.89 , 1.47)

	Frail
	1.10 (0.67 , 1.81)
	1.07 (0.64 , 1.78)
	0.96 (0.57 , 1.64)

	OI
	
	
	

	Prefrail
	1.45 (1.15 , 1.82)**
	1.36 (1.08 , 1.71)*
	1.16 (0.91 , 1.49)

	Frail
	3.20 (2.12 , 4.82)***
	2.64 (1.72 , 4.04)***
	1.80 (1.13 , 2.87)*

	Linear regression coefficients (95%CI )
	 
	 

	Seated systolic
	
	
	

	Prefrail
	-1.04 (-2.12 , 0.03)
	-1.36 (-2.42 , -0.29)*
	-1.30 (-2.41 , -0.19)*

	Frail
	-4.25 (-6.79 , -1.71)**
	-4.46 (-6.98 , -1.94)***
	-4.38 (-7.02 , -1.73)**

	Standing systolic
	
	
	

	Prefrail
	-1.40 (-2.56 , -0.25)*
	-1.89 (-3.02 , -0.76)**
	-1.85 (-3.03 , -0.67)**

	Frail
	-4.48 (-7.22 , -1.75)**
	-4.89 (-7.58 , -2.19)***
	-4.93 (-7.75 , -2.10)***

	Delta systolic
	
	
	

	Prefrail
	-0.37 (-1.02 , 0.27)
	-0.54 (-1.18 , 0.10)
	-0.56 (-1.23 , 0.11)

	Frail
	-0.21 (-1.74 , 1.31)
	-0.33 (-1.85 , 1.20)
	-0.45 (-2.05 , 1.15)

	Seated diastolic 
	
	
	

	Prefrail
	-0.58 (-1.22 , 0.06)
	-0.82 (-1.44 , -0.19)*
	-0.89 (-1.54 , -0.23)**

	Frail
	-2.45 (-3.96 , -0.94)**
	-2.59 (-4.08 , -1.11)***
	-2.68 (-4.24 , -1.12)***

	Standing diastolic
	
	
	

	Prefrail
	-1.23 (-1.88 , -0.59)***
	-1.36 (-2.00 , -0.72)***
	-1.38 (-2.04 , -0.71)***

	Frail
	-2.98 (-4.51 , -1.44)***
	-2.92 (-4.44 , -1.40)***
	-2.91 (-4.50 , -1.31)***

	Delta diastolic
	
	
	

	Prefrail
	-0.61 (-1.00 , -0.22)**
	-0.52 (-0.91 , -0.12)*
	-0.46 (-0.88 , -0.05)*

	Frail
	-0.94 (-1.86 , -0.01)*
	-0.74 (-1.68 , 0.20)
	-0.60 (-1.59 , 0.38)

	Models are for odds of OH or OI, or for difference in hemodynamic variables in prefrail or frail groups compared to robust

	Model 1 includes: age & sex, Model 2 includes: age, sex, BMI, smoking, self reported CVD conditions (hypertension, angina, stroke, MI, high cholesterol) & antihypertensive medication, Model 3 includes: age, sex, BMI, smoking, self reported CVD conditions (hypertension, angina, stroke, MI, high cholesterol), antihypertensive medication, depression, anti depressants & anxiety

	***P<0.001 **P<0.001 *P<0.001

	OH = Orthostatic Hypotension, OI =Orthostatic Intolerance, 








Orthostatic responses and the FI
The age fit suggested participants with OH had similar FI scores at all ages to those without (Figure 1). In contrast, OI was associated with higher FI scores at all ages (Figure 1). This relationship between OI and the FI was robust to further adjustment for cardiovascular risk factors and conditions, mental health and antihypertensive and antidepressant medications (Table 4). In the fully adjusted model, a 0.1 increase in FI score was associated with higher odds of OI (OR=1.28 95%CI =1.13 , 1.44). In adjusted analyses, a higher FI score was also associated with lower BP for both seated and standing measurements (Table 4). The FI was not clearly associated with the change in either SBP or DBP (Table 4). Analyses were repeated after excluding cardiovascular conditions from the FI, this did not substantively affect the results (not shown). 















	Table 4: Regression Models for the Association between the Frailty Index, Hemodynamic variables and Orthostatic Intolerance  

	 
	Model 1
	Model 2
	Model 3

	Odds Ratios (95%CI)
	 
	 

	OH
	1.03 (0.92 , 1.14)
	1.01 (0.90 , 1.15)
	0.97 (0.85 , 1.11)

	OI
	1.46 (1.33 , 1.59)***
	1.39 (1.25 , 1.55)***
	1.28 (1.13 , 1.44)***

	Linear regression coefficients (95%CI)

	Seated systolic
	-0.66 (-1.15 , -0.16)**
	-1.70 (-2.28 , -1.13)***
	-1.90 (-2.52 , -1.27)***

	Standing systolic
	-0.41 (-0.95 , 0.12)
	-1.70 (-2.31 , -1.09)***
	-1.79 (-2.46 , -1.13)***

	Delta systolic
	0.19 (-0.11 , 0.50)
	0.03 (-0.32 , 0.38)
	0.14 (-0.24 , 0.52)

	Seated diastolic
	-0.48 (-0.77 , -0.18)**
	-1.01 (-1.34 , -0.67)***
	-1.14 (-1.51 , -0.77)***

	Standing diastolic
	-0.62 (-0.92 , -0.32)***
	-1.06 (-1.41 , -0.72)***
	-1.10 (-1.48 , -0.73)***

	Delta diastolic
	-0.16 (-0.35 , 0.02)
	-0.10 (-0.32 , 0.11)
	-0.01 (-0.24 , 0.22)

	Frailty index models are for odds of OH or OI, or for difference in hemodynamic variables per 0.1 increase in index score

	Model 1 includes: age & sex, Model 2 includes: age, sex, BMI, smoking, self reported CVD conditions (hypertension, angina, stroke, MI, high cholesterol) & antihypertensive medication, Model 3 includes: age, sex, BMI, smoking, self reported CVD conditions (hypertension, angina, stroke, MI, high cholesterol), antihypertensive medication, depression, antidepressants & anxiety

	***P<0.001 **P<0.001 *P<0.001

	OH = Orthostatic Hypotension, OI =Orthostatic Intolerance, 
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Figure 1: Relationships between the Frailty Index and Age according to Orthostatic Hypotension or Orthostatic Intolerance status
A Relationship between FI and age by Orthostatic Hypotension status
B Relationship between FI and age by Orthostatic Intolerance status
Components of frailty, OH and OI
The presence of weakness or slowness was significantly associated with OH (Table 5). Neither of these relationships was significant after full adjustment, although mild trends remained (OR=1.11-1.13). The presence of any of the criteria except low activity was significantly associated with greater odds of OI (Table 5). Adjustment for covariates (particularly depressive symptoms and antidepressants) explained the relationship with exhaustion (Table 5). However, the relationships with slowness (OR=1.44 95%CI=1.04 , 1.99) and weakness (OR=1.67 95%CI=1.23 , 2.29) remained after full adjustment. A non-significant trend remained for weight loss (OR=1.34 95%CI=0.94 , 1.92).


















	Table 5: Regression models for the association between the frailty criteria, OH and OI

	
	Orthostatic Hypotension
	Orthostatic Intolerance

	 
	Unadjusted
	Adjusted
	Unadjusted
	Adjusted

	Exhaustion
	1.03 (0.72 , 1.49)
	0.86 [0.55,1.34]
	1.93 (1.45 , 2.57)***
	0.99 [0.68,1.45]

	Weight loss
	1.18 (0.79 , 1.74)
	0.88 [0.56,1.36]
	1.99 (1.45 , 2.73)***
	1.34 [0.94,1.92]

	Weakness
	1.60 (1.19 , 2.17)**
	1.11 [0.80,1.55]
	1.81 (1.38 , 2.39)***
	1.67 [1.23,2.29]**

	Slowness
	1.96 (1.52 , 2.53)***
	1.13 [0.82,1.55]
	1.63 (1.27 , 2.10)***
	1.44 [1.04,1.99]*

	Low Activity
	1.26 (0.97 , 1.65)
	0.93 [0.69,1.25]
	1.10 (0.84 , 1.43)
	0.83 [0.61,1.11]

	OR (95% CI) for odds of Orthostatic Hypotension or Orthostatic Intolerance by presence of frailty criteria

	Models include: age, sex, BMI, smoking, self reported CVD conditions (hypertension, angina, stroke, MI, high cholesterol), antihypertensive medication, depression, antidepressants, anxiety and the other frailty criteria

	***P<0.001 **P<0.01 *P<0.05




















Discussion
The main finding of this study was that frailty was related to OI in an older population, with a substantial proportion of this relationship explained by cardiovascular and mental health. Frailty was also associated with lower SBP and DBP, and there was a trend towards a relationship between OH and frailty that was largely explained by age. 

This relationship between frailty and OI confirms preliminary results from the TRIL study (Romero-Ortuno et al., 2011b), and extends these findings through the use of the FI in addition to the FP and exploration of multiple potential confounders of this relationship in a large population sample of older adults.   There was limited overlap between OH and OI, with only 31 people having both conditions, and adjustment for cardiovascular factors had modest effects on the relationship between frailty and OI. Recent analyses from TILDA supported a relationship between OI and mental health, particularly depression (O'Regan et al., 2013); adjustment for these factors reduced the relationship between the FP and OI in the present analysis. Taken together, these data suggest OI on rising from a seated position may not be primarily related to changes in BP. 

Mental health explained a large part of the relationship between frailty and OI. The significance of this finding is not entirely clear. Latent variable studies suggest frailty and depression in older adults may be best represented as separate, but highly related constructs, with exhaustion particularly important to the overlap between the conditions (Lohman et al., 2014; Mezuk et al., 2013).  Similarly, a study exploring the measurement structure of the FP suggested a possible 2 factor structure with the physical phenotype represented by slowness, weakness and low activity and a secondary factor comprised of exhaustion and weight loss (King-Kallimanis et al., 2014). It has been suggested the overlap between depression and frailty could reflect a shared etiology involving central vascular pathologies (Mezuk et al., 2013). In this case OI could be an additional expression of these processes. Alternatively, the overlap may simply be an artifact of including items from depression scales (exhaustion and weight loss) in the measurement of the FP. The attenuation of the frailty-OI relationship could then reflect accounting for this misclassification and a higher propensity to report OI symptoms among participants with lower mood.    

Consistent with the 2 factor structure (King-Kallimanis et al., 2014), adjustment for confounding factors (especially depressive symptoms and medications) largely explained the relationships between OI and the exhaustion and weight loss criteria, but it remained related to slowness and weakness even in fully adjusted models. Similarly, OI remained related to higher FI scores after full adjustment. Non-specific dizziness in older adults has previously been associated with gait and mobility problems (Gassmann and Rupprecht, 2009; Kao et al., 2001), but to our knowledge, the relationships between muscle weakness, gait speed and OI have not been described. A recent study found low physical fitness to be common in younger adult patients assessed for symptoms of OI (Parsaik et al., 2012). It is possible the relationship with low physical performance seen here reflects a similar de-conditioning associated with OI in older adults. Alternatively, gait speed and muscle strength are considered good indicators of overall frailty as they reflect integrative functions across multiple physiological systems (Abellan Van Kan et al., 2009; Cooper et al., 2010; Syddall et al., 2003). The relationships with these criteria, alongside the relationship with the FI, suggest OI may be a marker of generalized frailty in older adults, and add to the growing support for dizziness as a multifactorial geriatric syndrome (Gassmann and Rupprecht, 2009; Kao et al., 2001). Clinically, these results suggest older adults with symptoms of OI may benefit from further assessments of frailty and other underlying health problems.  

The prevalence of OH was 6% in this sample, this is towards the lower end of the 5-30% range seen in other samples of older adults (Low, 2008). This is probably due to the relatively young sample included in TILDA combined with the milder stressor provided by the sit-to-stand test compared to supine to stand protocols (Low, 2008). It was notable that the mean standing DBP was higher than the seated level, while SBP was similar at the two time points. The standing pressures measured here therefore reflect early recovery, rather than the initial drop in BP. The use of a single standing measurement means drops occurring between 1-3 minutes post standing, which could be included by the consensus definition (Freeman et al., 2011; The Consensus Committee of the American Autonomic Society and the American Academy of Neurology, 1996), will not have been captured here. 

A recent report from the CSHA found a relationship between OH and higher FI scores, but no relationship with the FP (Rockwood et al., 2012). The apparent contrast with the present results may be due to the different age ranges studied; CSHA wave 2 is a sample of people aged ≥75, with a mean age of 82, while the TILDA analysis sample included people aged ≥50, with a mean age of 63. In TILDA the prevalence of OH increased with age, while in the CSHA the prevalence across age groups was similar, probably reflecting survivor effects in this older sample. The relationship with the FP here was largely explained by adjustment for age. The different active stand protocols used, supine vs. seated to standing, may also have contributed to the different findings. 

In adjusted analyses frailty was associated with lower levels of SBP and DBP in seated and standing positions. Several studies have suggested similar relationships between lower BP and frailty: Higher levels of the FI were related to lower SBP in the CSHA-2 cohort, but no clear relationship was seen for DBP (Rockwood and Howlett, 2011). A recent analysis from the Study of Frailty in Brazilian Elders found associations between lower DBP and mean arterial pressure and frailty, and a trend towards a relationship with lower SBP (Fattori et al., 2013). Conversely, a sub-study of 77 participants from the same sample reported an association between higher ambulatory SBP and DBP in frail participants compared to robust (Bastos-Barbosa et al., 2012). A report from the Cardiovascular Health Study suggested a U-shaped relationship between frailty and SBP, with lower SBP associated with frailty below 125mmHG and higher SBP associated with frailty above this level, higher DBP was also associated with frailty (Newman et al., 2001). The physiological significance of lower BP in frailer older adults is unclear. It has been suggested that low SBP in older adults may be an indicator of overall poor health (Rastas et al., 2006).  At any rate, the relationships seen here were modest - compared to robust, frail participants had around 4mmHg lower SBP and 2mmHg lower DBP after adjustment for age. 

The two models used assess frailty in contrasting ways and consistent with earlier reports (Hubbard et al., 2009; Rockwood et al., 2007a; Rockwood et al., 2007b) were moderately correlated with one another in this sample. Despite the differences between models, the relationships seen were generally similar using either approach. This suggests OI and lower BP may indeed be related to the physiological vulnerability underlying both models, and not primarily to features particular to the measurement of either. These findings overall are consistent with the hypothesis that physiological instability and inability to respond to stressors may be the cardinal features of frailty in older adults (Varadhan et al., 2008; Walston et al., 2006). 

Strengths of this study include the very large sample size, population representative design and use of home based health assessments to ensure the inclusion of frailer community dwelling older adults (Kearney et al., 2011a; Kearney et al., 2011b). The analysis accounted for the effects of a range of potentially influential factors on the relationships between OH, OI and frailty. The study also has some limitations.  Older adults with significant cognitive impairment were excluded. As cognitive impairment has been implicated in physical frailty and poorer BP regulation (Ávila-Funes et al., 2009; Mehrabian et al., 2010), it is possible that any relationship between frailty and OH may be clearer in older adults with more advanced cognitive and functional impairment.  The sit-to-stand test provides a milder stressor compared to other orthostatic challenges and OH was defined from only a single BP measurement immediately on standing. In addition, it was not possible to control for factors that influence BP such as time of day, feeding or hydration status at the time of this test. The cross-sectional design precludes determination of the causal direction of the relationships seen. Findings were based on almost exclusively Caucasian Irish older adults and should be extrapolated beyond this setting with care. 

Future work on TILDA will address many of these limitations through the analysis of beat-to-beat BP responses to orthostasis across multiple waves of the study. A further future aim is to explore in more detail the mechanisms underlying OI and their connections to overall frailty in older adults. 

In conclusion, frailty was associated with OI and with lower BP, but not with OH in this population sample of older Irish adults. Further detailed investigations into the relationships between frailty, OI and cardiovascular dysregulation are warranted. 
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