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4. Rationale:  

 

 Falls are a major cause of morbidity and mortality among the US elderly 

population.
1,2

 It is estimated that 1 in every 3 elderly adults falls each year.
1,2

 Moreover, 

falls are a significant reason for emergency room visits and fracture,
3
 posing a substantial 

burden on the US health system, estimated at about $23.3 billion yearly.
4
  Furthermore, 

the rate of falls in the US is rising.
2
 Given the aging US population, fall prevention 

strategies represent an important public health objective. 

 Orthostatic hypotension may be a major underlying cause of falls among the 

elderly. The prevalence of orthostatic hypotension increases with age
5
 and is prevalent in 

over 25% of adults over 85 years.
6
 Symptoms associated with orthostatic hypotension 

include: lightheadedness, vision problems, weakness, fatigue, trouble concentrating, and 

head or neck discomfort.
7
 As a result, orthostatic hypotension is thought to be responsible 

for a substantial amount of falls in the elderly – as high as 29% in one referral center.
8
 A 

number of observational studies have shown orthostatic hypotension to be associated 

with an higher odds of falls.
9,10

 Further, orthostatic hypotension is associated with 

significant morbidity from falls.
6
 The hypothesis that orthostatic hypotension would 

contribute to falls does carry some degree of biologic plausibility. In healthy persons, 

change from a recumbent to standing position causes venous pooling, decreased venous 

return, a reduce stroke volume.
11

 The cardiovascular system normally responds with 

increased heart rate and vasoconstriction to maintain cerebral perfusion.
11

 In the elderly, 

these responses are blunted – heart rate is more fixed, blood vessels are less responsive to 

changes in pressure and hormonal signaling pathways, and often there is less blood 

volume due to dehydration or blood loss; in addition, older adults are often taking 

medications that inhibit increases in heart rate.
11

 These may contribute to orthostatic 

symptoms and subsequently falls. 

The definition of orthostatic hypotension was determined by consensus in 1995 at 

a conference sponsored by the American Autonomic Society and American Academy of 

Neurology.
12

 The definition has been broadly used clinically and in research,
13

 but 

different cutpoints for postural changes in systolic or diastolic blood pressure have not 

been compared with the traditional definition in the context of clinical outcomes of 

interest. Recent studies have suggested that alternative definitions of orthostatic 

hypotension may also been informative as to long-term risk.
5
   

The ARIC Study affords a unique opportunity to examine the relationship 

between orthostatic hypotension and falls. Orthostatic hypotension was assessed via high 

quality, standardized protocols during visit 1 and was derived using standard clinical 

definition (a decrease of at least 20 mmHg SBP or a decrease of at least 10 mmHg DBP 

when changing positions from supine to standing) in 681/13,191 (5.2%) of participants. 

Furthermore, covariates known to be associated with orthostatic hypotension and falls 

were also assessed at baseline, affording an opportunity to rigorously address 

confounding. With regards to the outcome of interest, falls, using the rich and thorough 

hospitalization data (supplemented with CMS data) there were 2,274 /13,191 (17.2%) 

participants with a fall recorded post Visit 1. Finally, there is an opportunity to 

complement the hospitalization/CMS data with a self-reported fall assessment 

administered in 2013-2014 via annual telephone surveys. 

 



5. Main Hypothesis/Study Questions: 

 

Primary study questions: 

1. Is orthostatic hypotension as assessed at visit 1 (using a traditional definition) 

associated with incident and recurrent falls after adjustment for confounding 

variables? 

2. Are alternative definitions of orthostatic hypotension (different cutpoints of 

systolic or diastolic blood pressure) more strongly associated with risk of falls as 

compared to the traditional definition? 

 

Secondary study questions: 

1. Is orthostatic hypotension associated with fracture, syncope, or death? 

 

Hypotheses:  

1. Orthostatic hypotension is associated with an increased risk of falls. 

2. Alternative definitions of orthostatic hypotension may better identify persons at 

risk of falls, fracture, syncope, and/or death. 

 

6. Design and analysis (study design, inclusion/exclusion, outcome and other 

variables of interest with specific reference to the time of their collection, summary 

of data analysis, and any anticipated methodologic limitations or challenges if 

present). 

 

Study design: Prospective cohort study with visit 1 as baseline 

 

Inclusion/exclusion: We will include all subjects with an orthostatic hypotension 

assessment at baseline. We will exclude individuals who were Indian or Asian, non-

whites at Washington County and Minnesota, and those missing covariate information.  

 

Exposure assessment: 

 

Systolic blood pressure, diastolic blood pressure, and heart rate were measured in supine 

and standing positions at baseline. Orthostatic hypotension will be defined as a 

dichotomous variable, using the traditional definition of a 20 mm Hg drop in systolic 

blood pressure or 10 mm Hg drop in diastolic blood pressure upon changing from a 

supine to standing position.
13

  

 

In addition, we will explore alternative definitions of orthostatic hypotension in the 

following fashion: 

 

1. Different established dichotomous definition of orthostatic hypotension 

a. Larger or smaller changes in systolic or diastolic blood pressure 

i. Systolic blood pressure drops of 5, 10, 15, 20, 25, 30 mm Hg 

ii. Diastolic blood pressure drops of 0, 5, 10, 15, 20 mm Hg  



b. Definitions defined by single versus composite measures (i.e. systolic 

blood pressure alone versus diastolic blood pressure alone versus 

combined definitions 

2. Different definitions of orthostatic hypotension will be compared in relation to 

relevant clinical outcomes, namely, 

a. Falls 

b. Syncope 

c. Fracture 

d. All-cause mortality 

 

Primary outcome: 

 The primary outcome in this study are new falls after visit 1 (incident or first 

recurrence), which will be ascertained using ICD9 codes from ARIC community 

surveillance data. These events will we supplemented with falls identified in CMS data. 

There is evidence that external cause-of-injury codes are an accurate and valid means of 

disease ascertainment.
14

 ICD9 codes used to define falls are located in Appendix 1. 

Sensitivity analyses will be performed to examine alternative definitions of falls (i.e. 

excluding less relevant ICD9 codes). Furthermore, we will perform a comparative study 

in the group who reported they had a fall within the last 6 months of the 2013-2014 

annual telephone survey. Details of the fall data collected during the annual telephone 

calls in 2013-2014 may be found in Appendix 2. 

 

 

Secondary outcomes: 

We will also examine a number of secondary outcomes to determine different cutpoints 

for orthostatic hypotension: 

 

a. Syncope, community surveillance and CMS data (ICD9-CM 780.2) 

b. Fracture, community surveillance and CMS data 

c. All-cause mortality  

 

 

 

Other variables of interest: 

 The following covariates from visit 1 will be utilized in prospective analyses: 
 

a. Demographic: age, sex, race 

b. Physiologic and lab measures: systolic blood pressure, diastolic blood pressure, 

heart rate, body mass index, carotid IMT, ankle-branchial index, HDL cholesterol, 

LDL cholesterol, glucose 

c. Self-reported behaviors/conditions: Sports index, current/former/never alcohol 

use self-reported health status, dizziness on standing, diabetes, history of cancer, 

history of stroke, history of CHD 

d. Medications: anti-hypertensives, diuretics, anti-depressants, sedatives, hypnotics, 

anti-psychotics, anti-cholinergics 

e. Socioeconomic: educational attainment 

 



Data analysis: 

 Our primary analyses will be as follows: 

 

 Cross-sectional examination of baseline characteristics associated with orthostatic 

hypotension 

o Means, proportions, P-values (ttests, chi-squared analyses) 

 Cross-sectional examination of baseline characteristics associated with incident 

falls 

o Means, proportions, P-values (ttests, chi-squared analyses) 

 Prospective analyses: 

o Absolute risk (cumulative incidence, incidence rates) using follow-up time 

or age as the time axis 

o Relative risk (Cox proportional hazards models) 

 Nested models adjusted for: 

 Model 1: adjusted for age, sex, race-study center 

 Model 2: Model 1 + systolic blood pressure, diastolic blood 

pressure, body mass index, ankle-brachial index, carotid 

IMT 

 Model 3: Model 2 + diabetes, hypertension, hypertension 

medication use, diuretic use, alcohol use, education level, 

sports index, leisure index, dizzy upon standing, smoking 

status, history of CHD, history of CHF, history of stroke, 

history of cancer 

 Spline models: looking at the continuous relationship between postural changes in 

the following and risk of falls, syncope, and all-cause mortality 

o Systolic blood pressure 

o Diastolic blood pressure 

 Effect modification: 

o Hazard ratios in subgroups, using interaction terms to compare strata 

o Demographic characteristics 

o Other factors: 

 Hypertension, hypertensive medication use 

 Diabetes 

 Prior cardiovascular disease (CHD or stroke) 

 Obesity 

 Leisure (sport) activity index 

 

 

 Alternative definitions: 

o Systolic or diastolic cutpoints, comparison of: 

 Population percentiles 

 Absolute risk 

 Relative risk 

 Metrics of discrimination (C-statistic, sensitivity, specificity) 

o Composite definitions, comparison of: 

 Systolic alone vs. diastolic alone vs. combined alternate definitions 



 Population percentiles 

 Absolute risk 

 Relative risk 

 Metrics of discrimination (C-statistic, sensitivity, specificity) 

o Outcomes examined with alternate definitions:  

 Primary outcome: falls 

 Secondary outcomes: 

 Fractures – clinically relevant sequelae of falls 

 Syncope – similar outcome to falls to examine construct 

validity 

 Death – object, epidemiology outcome, conveying 

prognosis 

 

 

Limitations: 

 Fall history was not assessed at baseline. As a result, we are unable to 

differentiate between participants with recurrent versus incident falls. 

 Relying on ICD9-defined falls for the outcome while reportedly valid
14

 is likely 

highly specific but probably associated with substantial under ascertainment 

 Incorporating CMS outpatient and inpatient data on falls is complicated by the 

fact that ARIC participants are not eligible for Medicare until age 65 and only a 

subgroup of participants have outpatient data available. 

 Self-reported information on falls only available in 2013-2014 

 OH data not available on all participants 

 Residual confounding is always a concern with observational studies. 
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Appendix 1: ICD9 Codes related to falls 

 

E804.0 FALL IN ON OR FROM RAILWAY TRAIN INJURING RAILWAY EMPLOYEE 
E804.1 FALL IN ON OR FROM RAILWAY TRAIN INJURING PASSENGER ON RAILWAY 
E804.2 FALL IN ON OR FROM RAILWAY TRAIN INJURING PEDESTRIAN 
E804.3 FALL IN ON OR FROM RAILWAY TRAIN INJURING PEDAL CYCLIST 
E804.8 FALL IN ON OR FROM RAILWAY TRAIN INJURING OTHER SPECIFIED PERSON 
E804.9 FALL IN ON OR FROM RAILWAY TRAIN INJURING UNSPECIFIED PERSON 
E833.0 FALL ON STAIRS OR LADDERS IN WATER TRANSPORT INJURING OCCUPANT OF 
SMALL BOAT UNPOWERED 
E833.1 FALL ON STAIRS OR LADDERS IN WATER TRANSPORT INJURING OCCUPANT OF 
SMALL BOAT POWERED 
E833.2 FALL ON STAIRS OR LADDERS IN WATER TRANSPORT INJURING OCCUPANT OF 
OTHER WATERCRAFT -- CREW 
E833.3 FALL ON STAIRS OR LADDERS IN WATER TRANSPORT INJURING OCCUPANT OF 
OTHER WATERCRAFT -- OTHER THAN CREW 
E833.4 FALL ON STAIRS OR LADDERS IN WATER TRANSPORT INJURING WATER SKIER 
E833.5 FALL ON STAIRS OR LADDERS IN WATER TRANSPORT INJURING SWIMMER 
E833.6 FALL ON STAIRS OR LADDERS IN WATER TRANSPORT INJURING DOCKERS 
STEVEDORES 
E833.7 FALL ON STAIRS OR LADDERS IN WATER TRANSPORT, OCCUPANT OF MILITARY 
WATERCRAFT, ANY TYPE 
E833.8 FALL ON STAIRS OR LADDERS IN WATER TRANSPORT INJURING OTHER SPECIFIED 
PERSON 
E833.9 FALL ON STAIRS OR LADDERS IN WATER TRANSPORT INJURING UNSPECIFIED 
PERSON 
E834.0 OTHER FALL FROM ONE LEVEL TO ANOTHER IN WATER TRANSPORT INJURING 
OCCUPANT OF SMALL BOAT UNPOWERED 
E834.1 OTHER FALL FROM ONE LEVEL TO ANOTHER IN WATER TRANSPORT INJURING 
OCCUPANT OF SMALL BOAT POWERED 
E834.2 OTHER FALL FROM ONE LEVEL TO ANOTHER IN WATER TRANSPORT INJURING 
OCCUPANT OF OTHER WATERCRAFT -- CREW 
E834.3 OTHER FALL FROM ONE LEVEL TO ANOTHER IN WATER TRANSPORT INJURING 
OCCUPANT OF OTHER WATERCRAFT -- OTHER THAN CREW 
E834.4 OTHER FALL FROM ONE LEVEL TO ANOTHER IN WATER TRANSPORT INJURING 
WATER SKIER 
E834.5 OTHER FALL FROM ONE LEVEL TO ANOTHER IN WATER TRANSPORT INJURING 
SWIMMER 
E834.6 OTHER FALL FROM ONE LEVEL TO ANOTHER IN WATER TRANSPORT INJURING 
DOCKERS STEVEDORES 
E834.7 OTHER FALL FROM ONE LEVEL TO ANOTHER IN WATER TRANSPORT, OCCUPANT 
OF MILITARY WATERCRAFT, ANY TYPE 
E834.8 OTHER FALL FROM ONE LEVEL TO ANOTHER IN WATER TRANSPORT INJURING 
OTHER SPECIFIED PERSON 



E834.9 OTHER FALL FROM ONE LEVEL TO ANOTHER IN WATER TRANSPORT INJURING 
UNSPECIFIED PERSON 
E835.0 OTHER AND UNSPECIFIED FALL IN WATER TRANSPORT INJURING OCCUPANT OF 
SMALL BOAT UNPOWERED 
E835.1 OTHER AND UNSPECIFIED FALL IN WATER TRANSPORT INJURING OCCUPANT OF 
SMALL BOAT POWERED 
E835.2 OTHER AND UNSPECIFIED FALL IN WATER TRANSPORT INJURING OCCUPANT OF 
OTHER WATERCRAFT -- CREW 
E835.3 OTHER AND UNSPECIFIED FALL IN WATER TRANSPORT INJURING OCCUPANT OF 
OTHER WATERCRAFT -- OTHER THAN CREW 
E835.4 OTHER AND UNSPECIFIED FALL IN WATER TRANSPORT INJURING WATER SKIER 
E835.5 OTHER AND UNSPECIFIED FALL IN WATER TRANSPORT INJURING SWIMMER 
E835.6 OTHER AND UNSPECIFIED FALL IN WATER TRANSPORT INJURING DOCKERS 
STEVEDORES 
E835.7 OTHER AND UNSPECIFIED FALL IN WATER TRANSPORT, OCCUPANT OF MILITARY 
WATERCRAFT, ANY TYPE 
E835.8 OTHER AND UNSPECIFIED FALL IN WATER TRANSPORT INJURING OTHER 
SPECIFIED PERSON 
E835.9 OTHER AND UNSPECIFIED FALL IN WATER TRANSPORT INJURING UNSPECIFIED 
PERSON 
E843.0 FALL IN ON OR FROM AIRCRAFT INJURING OCCUPANT OF SPACECRAFT 
E843.1 FALL IN ON OR FROM AIRCRAFT INJURING OCCUPANT OF MILITARY AIRCRAFT 
ANY 
E843.2 FALL IN ON OR FROM AIRCRAFT INJURING CREW OF COMMERCIAL AIRCRAFT 
(POWERED) IN SURFACE TO SURFACE TRANSPORT 
E843.3 FALL IN ON OR FROM AIRCRAFT INJURING OTHER OCCUPANT OF COMMERCIAL 
AIRCRAFT (POWERED) IN SURFACE TO SURFACE TRANSPORT 
E843.4 FALL IN ON OR FROM AIRCRAFT INJURING OCCUPANT OF COMMERCIAL 
AIRCRAFT (POWERED) IN SURFACE TO AIR TRANSPORT 
E843.5 FALL IN ON OR FROM AIRCRAFT INJURING OCCUPANT OF OTHER POWERED 
AIRCRAFT 
E843.6 FALL IN ON OR FROM AIRCRAFT INJURING OCCUPANT OF UNPOWERED 
AIRCRAFT EXCEPT PARACHUTIST 
E843.7 FALL IN ON OR FROM AIRCRAFT INJURING PARACHUTIST (MILITARY) (OTHER) 
E843.8 FALL IN ON OR FROM AIRCRAFT INJURING GROUND CREW AIRLINE EMPLOYEE 
E843.9 FALL IN ON OR FROM AIRCRAFT INJURING OTHER PERSON 
E880.0 ACCIDENTAL FALL ON OR FROM ESCALATOR 
E880.1 ACCIDENTAL FALL ON OR FROM SIDEWALK CURB 
E880.9 ACCIDENTAL FALL ON OR FROM OTHER STAIRS OR STEPS 
E881.0 ACCIDENTAL FALL FROM LADDER 
E881.1 ACCIDENTAL FALL FROM SCAFFOLDING 
E882 ACCIDENTAL FALL FROM OR OUT OF BUILDING OR OTHER STRUCTURE 
E883.1 ACCIDENTAL FALL INTO WELL 
E883.2 ACCIDENTAL FALL INTO STORM DRAIN OR MANHOLE 



E883.9 ACCIDENTAL FALL INTO OTHER HOLE OR OTHER OPENING IN SURFACE 
E884.0 ACCIDENTAL FALL FROM PLAYGROUND EQUIPMENT 
E884.1 ACCIDENTAL FALL FROM CLIFF 
E884.2 ACCIDENTAL FALL FROM CHAIR 
E884.3 ACCIDENTAL FALL FROM WHEELCHAIR 
E884.4 ACCIDENTAL FALL FROM BED 
E884.5 ACCIDENTAL FALL FROM OTHER FURNITURE 
E884.6 ACCIDENTAL FALL FROM COMMODE 
E884.9 OTHER ACCIDENTAL FALL FROM ONE LEVEL TO ANOTHER 
E885.0 ACCIDENTAL FALL FROM (NONMOTORIZED) SCOOTER 
E885.1 ACCIDENTAL FALL FROM ROLLER SKATES 
E885.2 ACCIDENTAL FALL FROM SKATEBOARD 
E885.3 ACCIDENTAL FALL FROM SKIS 
E885.4 ACCIDENTAL FALL FROM SNOWBOARD 
E885.9 ACCIDENTAL FALL FROM OTHER SLIPPING TRIPPING OR STUMBLING 
E886.0 ACCIDENTAL FALL ON SAME LEVEL FROM COLLISION PUSHING OR SHOVING BY 
OR WITH OTHER PERSON IN SPORTS 
E886.9 OTHER AND UNSPECIFIED ACCIDENTAL FALLS ON SAME LEVEL FROM COLLISION 
PUSHING OR SHOVING BY OR WITH OTHER PERSON 
E888.0 ACCIDENTAL FALL RESULTING IN STRIKING AGAINST SHARP OBJECT 
E888.1 ACCIDENTAL FALL RESULTING IN STRIKING AGAINST OTHER OBJECT 
E888.8 OTHER ACCIDENTAL FALL 
E888.9 UNSPECIFIED ACCIDENTAL FALL 
E913.3 ACCIDENTAL MECHANICAL SUFFOCATION BY FALLING EARTH OR OTHER 
SUBSTANCE 
E916 STRUCK ACCIDENTALLY BY FALLING OBJECT 
E917.0 STRIKING AGAINST OR STRUCK ACCIDENTALLY IN SPORTS WITHOUT 
SUBSEQUENT FALL 
E917.1 STRIKING AGAINST OR STRUCK ACCIDENTALLY BY A CROWD BY COLLECTIVE FEAR 
OR PANIC WO SUBSEQUENT FALL 
E917.2 STRIKING AGAINST OR STRUCK ACCIDENTALLY IN RUNNING WATER WITHOUT 
SUBSEQUENT FALL 
E917.3 STRIKING AGAINST OR STRUCK ACCIDENTALLY BY FURNITURE WITHOUT 
SUBSEQUENT FALL 
E917.4 STRIKING AGAINST OR STRUCK ACCIDENTALLY BY OTHER STATIONARY OBJECT 
WITHOUT SUBSEQUENT FALL 
E917.5 STRIKING AGAINST OR STRUCK ACCIDENTALLY IN SPORTS WITH SUBSEQUENT 
FALL 
E917.6 STRIKING AGAINST OR STRUCK ACCIDENTALLY BY A CROWD BY COLLECTIVE FEAR 
OR PANIC WITH SUBSEQUENT FALL 
E917.7 STRIKING AGAINST OR STRUCK ACCIDENTALLY BY FURNITURE WITH 
SUBSEQUENT FALL 
E917.8 STRIKING AGAINST OR STRUCK ACCIDENTALLY BY OTHER STATIONARY OBJECT 
WITH SUBSEQUENT FALL 



E917.9 OTHER ACCIDENT CAUSED BY STRIKING AGAINST OR BEING STRUCK 
ACCIDENTALLY BY OBJECTS OR PERSONS WITH/WITHOUT SUBSEQUENT FALL 
E929.3 LATE EFFECTS OF ACCIDENTAL FALL 
E987.0 FALLING FROM RESIDENTIAL PREMISES UNDETERMINED WHETHER 
ACCIDENTALLY OR PURPOSELY INFLICTED 
E987.1 FALLING FROM OTHER MAN-MADE STRUCTURES UNDETERMINED WHETHER 
ACCIDENTALLY OR PURPOSELY INFLICTED 
E987.2 FALLING FROM NATURAL SITES UNDETERMINED WHETHER ACCIDENTALLY OR 
PURPOSELY INFLICTED 
E987.9 FALLING FROM UNSPECIFIED SITE UNDETERMINED WHETHER ACCIDENTALLY OR 
PURPOSELY INFLICTED 
V15.88 HISTORY OF FALL 
 
 



Appendix 2: Fall Measures (from 2013-14 Semi-Annual Telephone Interview) 

  

Var Description   

GNB19 Fall in prior 6 months (yes/no) Fall (yes/no) 

  

GNB20 

  

Number of Falls in Prior 6 Months Frequency (0, 1-2, >2) 

GNB21 Injured from fall/Restricted Activity 

for at Least One Day 

Injurious fall: 

(No fall, fall with no 

injury, fallresulted in restricted 

activity and/or MD visit) 
GNB22 Injury severe enough that they needed 

to see MD 

GNB23 Circumstances of falls Coded text into 5 variables: 

1.     Location (inside/outside) 

2.     Place (home/not at home) 

3.     Task when fall occurred (e.g., 

walking, yard work) 

4.     Physical factors (e.g., tripped, 

legs gave out, fainted) 

5.     Contributing factors (e.g., 

uneven ground, wet floor, 

dark) 

 


