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Abstract

OBJECTIVE—Previous work demonstrates the consequences of falling in older adults and the
potential of physical activity (PA) to reduce falls, but few studies have used accelerometer-
measured PA to compare overall and time-of-day activity patterns of non-fallers, fallers, or
subgroups of fallers.

METHODS—In 840 participants (mean age=66.7, s=13.2, range 26-97) of the Baltimore
Longitudinal Study of Aging between 2007-2014, PA was measured objectively with Actiheart
accelerometers and falling status (faller/non-faller) was assessed during an in-person interview.
Differences in daily PA and PA by time-of-day were assessed using multiple linear regression.
Differences in PA (multiple linear regression), and functional status (chi-squared) were further
examined in subgroups of “risky” or “normal” fallers.

RESULTS—Overall, fallers and non-fallers exhibited similar daily (B=22.6, p=0.48) and time-
specific PA; however, those who fell doing risky activities were more active overall (B=243.8,
p=0.002), during the morning (B=77.3, p=0.004), afternoon ($=78.4, p=0.001), and late afternoon/
evening (B=56.3, p=0.006) than those who fell doing normal activities. “Risky” fallers were
significantly higher-functioning than “normal” fallers.

CONCLUSIONS—Persons who fell while engaging in normal activities exhibited lower PA
overall and throughout most of the day, and were of lower functional status than persons who fell
while engaging in risky or unusual activities, suggesting that engagement in risky or unusual PA is
associated with higher functional ability and lower falls risk in older persons.
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INTRODUCTION

Falls are estimated to be the leading cause of both fatal and non-fatal unintentional injuries
in older adults.k Annually, falls are responsible for over $30 billion in healthcare spending in
the United States.2 Approximately 30 to 40% of community-dwelling older adults age 65
and older experience a fall annually and half of these falls result in some form of injury
leading to declining physical function, loss of independence, illness, or even death.3 To this
end, fallers generally report reduced quality of life up to 9 months or more after a fall.#

Physical activity (PA) has been shown to be an important modifiable risk factor in the
prevention of falls. There is an abundance of both observational and experimental evidence
demonstrating that older adults with a history of falls are less active than non-fallers, and
that increasing PA may result in fall reduction.>~8 However until recently, most of these
studies have measured PA subjectively with easily administered questionnaires.® These
measures are generally considered inexpensive and valid, but introduce issues like recall bias
and social desirability effects.19 Moreover, their validity in older populations is likely lower,
given that most older adults spend only 6-10 minutes per day in moderate or higher PA, with
the rest of daily PA coming from low intensity activities related to daily living that are
difficult to conceptualize and categorize as “physical activity”.11-13 In addition, older adults
are more prone to recall bias than younger populations due to a greater risk of cognitive
challenges leading to the potential for differential measurement error.12

Accelerometers offer an objective alternative to questionnaires for measuring daily PA,
which minimizes the aforementioned biases. These devices allow measurement of total daily
movement, and include low intensity activities related to daily living that are generally
overlooked when using questionnaires.3 Further, objectively measured PA can help discern
subtle differences in daily quantities and patterns of PA that may be important to health and
functional status with aging.

To date, the association between objectively measured PA and falls has been under-
addressed, apart from a few studies that show a significant inverse association between PA
and falls in older adults.1415 Moreover, this work has concentrated on total amount of daily
PA, which leaves daily patterns of PA in fallers and non-fallers unaddressed. Identifying
critical differences in the quantities, patterns, and trends of daily PA in fallers and non-fallers
could deepen our understanding of the relationship between falls and PA, thus providing a
more accurate understanding of the falls-PA relationship, and leading to more
comprehensive interventions.

Given the many dire consequences of falls, identifying behaviors and patterns of behavior
predictive of falls is important for reducing risk of falls, and preserving mobility and
independence into late life. To this end, this study aimed to examine diurnal patterns of
physical activity in a well-functioning group of older adults by falls history and
corresponding characteristics using objectively measured physical activity data collected in
the Baltimore Longitudinal Study of Aging (BLSA).
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METHODS

Participants

The BLSA is a study of normative human aging, established in 1958 and conducted in
Baltimore, MD by the National Institute on Aging Intramural Research Program. Study
sampling and enrollment procedures have been described in detail elsewhere.16 Briefly, the
BLSA continuously enrolls healthy volunteers that are required to be free of major chronic
conditions and cognitive and functional impairment at baseline. After enroliment,
participants are followed for life, attending follow-up visits and in-depth testing every 1 — 4
years depending on participant age. The BLSA began collecting objectively measured
physical activity data in 2007. The population for the current study consists of 840 men and
women participating in the BLSA between 2007 and 2014 who wore an activity monitor and
completed an in-person health interview with a falls questionnaire. The Institutional Review
Board of the National Institute of Environmental Health Sciences approved the study
protocol, and all volunteers gave written informed consent prior to participation.

Study Procedure

Participants were evaluated at the Clinical Research Unit of the Translational Gerontology
Branch of the National Institute on Aging over 3 days of extensive testing. Height and
weight were measured according to standard protocols. A trained and certified interviewer
and nurse practitioner respectively collected participant social demographic, health practices
and general symptom information including falls history and conducted an extensive health
history interview and physical examination.

Fall status was assessed with the question, “In the past 12 months, have you fallen and
landed on the ground or floor?” This was followed up with questions detailing: (i) how many
times the participant fell during the past year, (ii) whether or not an injury was sustained,
and (iii) what type of activity was being performed during the fall (nhormal/usual or unusual/
risky). Specifically, interview responses were categorized as follows:

1. “Fallers” were those who reported falling and landing on the ground or the floor
during the previous 12 months

2. “Single fallers” were those who reported falling once during the previous 12
months
3. “Multiple fallers” were those who reported falling 2 or more times during the

previous 12 months
4, “Normal fallers” were those who reported falling during normal/usual activities

5. “Risky fallers” were those who reported falling during perceived unusual or risky
activities (e.g., riding a bike, hiking, yard work, major housework)

Participant functional status was assessed during the interview with standard questions
asking about difficulty performing daily tasks. Specifically, whether or not a participant had
difficulty walking one mile, raising their arms, or standing up from a chair without using
their arms for support. Participants with “balance problems” were those who self-reported

Am J Phys Med Rehabil. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nastasi et al.

Page 4

any level of difficulty keeping their balance while walking on a level surface during their
participant interview.

Physical activity was assessed using the Actiheart (Actiheart, CamNtech, Ltd, Papworth,
UK) combined heart rate and activity monitor. On the last day of their clinic visit,
participants were fitted with the device and asked to continue wearing it at all times for the
following seven days except when bathing or swimming. The device was placed horizontally
on the chest at the third intercostal space with two standard electrocardiogram electrodes, a
valid and reliable placement for measuring free-living physical activity.1”-18 Heart rate and
activity counts were measured in one-minute epochs for up to seven days, after which time
the monitors were returned by express mail. Activity data were downloaded via commercial
software (Actiheart, version 4.0.32) into one-minute count epochs. Days with more than 5%
of data missing (more than 72 minutes per day) were excluded from the analysis. For the
remaining days, missing values were imputed with the average over all of the days at the
same time period during the same visit.19

Statistical Analysis

Due to the positively skewed distribution of daily total activity counts, the natural logarithm
of each activity count was taken at the minute level. The daily total was then calculated
using these log-transformed values, which produced a normal distribution of daily log-
transformed activity counts appropriate for linear regression analysis. Although logarithmic
values may be less clinically interpretable, the conclusions are the same regarding whether
differences in PA exist between groups.

Multiple linear regression was used to assess the continuous association between the daily
total log-transformed activity counts and falls adjusting for age, sex, education, employment,
cardiovascular, neurological, lung, and kidney disease as well as arthritis, cancer, diabetes,
stroke, and hypertension. Subsequent models included covariates for each fall category
independently. Based on findings in previous work, interactions by age were also assessed in
all models.14

To explore differences in diurnal patterns of PA by fall category, total log-transformed
activity counts were calculated and modeled in six 4-hour time bins (12:00 am — 3:59 am,
4:00 am — 7:59 am, 8:00 am — 11:59 am, 12:00 pm — 3:59 pm, 4:00 pm — 7:59 pm, 8:00 pm
—11:59 pm). Smoothed diurnal plots of activity were created to visualize differences in the
temporal allocation of daily PA by fall category (Figures 1A — 1D). Based on the appearance
of these plots, the association between the total log-transformed activity counts of each time
bin and falls was modeled using linear regression, adjusting for age, sex, and BMI.
Differences in functional status were assessed by participant self-reported ability to perform
daily tasks. Differences in responses for each question were tested using chi-squared tests.

Collinearity was examined in all models using the variance inflation factor (VIF). All VIFs
were under 3, indicating the presence of little collinearity. Sensitivity analyses were
performed to assess the effects of limiting the analysis to those =50 years and =65 years.
Analyses were performed using Stata (version 14; StataCorp, College Station, TX) and the R
Statistical software version 3.2 (http://www.r-project.org) and graphs were created with the
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ggplot2 R package. This study conforms to all STROBE guidelines and reports the required
information accordingly (see Supplementary Checklist).

RESULTS

Participant Characteristics

Participant characteristics by fall status can be found in Table 1. The mean age of the 840
participants in the study population was 66.7 (+13.2, range 26 — 97) years. Of these
participants, 637 (77.7%) reported no falls in the past 12 months while 203 (22.3%) reported
falling at least once. 56 (27.6%) of the fallers fell doing “risky” or “unusual” activities. Non-
fallers had a daily activity count of 36,683 (x 22,874) while that of fallers was 35,190

(x 20,382) (p = 0.41). Fallers had significantly worse balance than non-fallers (p < 0.001).
Of those who reported falling in the past year, 142 (70.0%) fell during normal or routine
activities, 56 (27.6%) fell during “risky” or unusual activities, and 5 (2.5%) fell while
intoxicated or for undisclosed reasons. Comparing functional status between “risky” and
“normal” fallers, “risky” fallers had significantly better balance (p = 0.04) and were less
likely to report difficulty walking one mile (p = 0.03), raising their arms (p = 0.04), or
standing up from a chair without using their arms for support (p = 0.01). In addition, those
with poor balance were more likely to report a history of CVD (p < 0.001), stroke (p <
0.001), neurological problems (p <0.001), diabetes (p = 0.04), cancer (p < 0.001), and lower
extremity arthritis (p < 0.001).

Differences in Daily PA

Consistent with previous results from the BLSA, older age and male sex were negatively
associated with total daily activity, while current employment was positively associated (p <
0.002 for all).19-20 Total daily PA did not differ by fall status (faller vs. non-faller; g = 22.6,
p = 0.48), although multiple fallers tended to be more active (f = 42.5, p = 0.07). In sub-
analyses by type of fall, “risky” fallers were more active than non-fallers (B = 227.8, p <
0.001) and “normal” fallers (p = 243.8, p = 0.002), and were more likely to report falling
multiple times (p = 0.07). Those who fell doing normal activities did not differ in daily PA
compared to non-fallers (B =-17.3, p = 0.70).

Differences in PA by Time-of-Day

Daily activity patterns were first compared graphically by plotting the unadjusted median
activity counts per minute over a 24-hour period (Figures 1A — D). Consistent with the
combined analysis, there were no differences in PA between fallers and non-fallers by time-
of-day (Figure 1A). Among fallers, those who reported falling multiple times were more
active during the morning (8:00 am — 11:59 am [B = 61.2, p = 0.01]) than those who
reported falling once (Figure 1B).

In subgroup analyses comparing “risky” to “normal” fallers, “risky” fallers were
significantly more active than “normal” fallers in the morning during the 8:00 — 11:59 am
interval (B = 77.3, p = 0.004, Figure 1C), maintaining this higher level of PA into the early
afternoon period between 12:00 pm — 3:59 pm (B = 78.4, p = 0.001, Figure 1C) as well as
the late afternoon and evening hours between 4:00 — 7:59 pm (B = 1618.2, p = 0.03, Figure

Am J Phys Med Rehabil. Author manuscript; available in PMC 2019 April 01.



1duosnuen Joyiny 1duosnuey Joyiny 1duosnuen Joyiny

1duosnuep Joyiny

Nastasi et al.

Page 6

1C). When comparing daily activity by balance status, those with poor balance appeared to
significantly lag behind those without balance difficulties beginning in the afternoon, lasting
into the evening hours (Figure 1D). These differences reached statistical significance in all
time intervals except the early (12:00 — 3:59 am, Figure 1D) and late morning (8:00 — 11:59
am, Figure 1D). In general, fallers overall, “normal” fallers, those reporting balance
difficulty, and those who reported falling only once had lower peak PA during mid-day than
their comparators (Figure 1A — 1D). A summary of regression coefficients representing
adjusted differences in total log-counts and significance levels from the linear regressions for
each sub-group and time interval is provided in Table 2.

DISCUSSION

In combined analyses, there were no differences in levels of total daily PA between fallers
and non-fallers. Previous work has reported that the relationship between PA and falls is
typically modified by age, and that in younger adults higher PA tends to be associated with
more falls while in older adults greater PA tends to be associated with fewer falls.}4 This is
likely due to fundamental differences in daily quantities, patterns, and trends of PA between
younger, healthier individuals and older, less-functionally intact persons. Previous research
has supported the dose-response association between PA and falls with aging, but has not
examined differences in PA by time of day, relying on daily summary measures that may not
accurately reflect differences in daily PA by falling status. The current results expand upon
the PA and falls literature by characterizing daily PA quantities, patterns, and trends among
several important groups of older adults of varying functional statuses from which unique
daily insights can be gleaned and falls-reduction interventions can be tailored to preserve
mobility and independence into late life.

Individuals with reported balance difficulties exhibited significantly lower PA beginning in
the afternoon into the night and were more likely to report a history of CVD, stroke,
neurological problems, diabetes, cancer, and lower extremity arthritis, demonstrating the
complexity of the associations among poor balance, chronic conditions, daily PA, and risk of
falls. “Risky” fallers had significantly higher PA compared to “normal” fallers throughout
most of the day, beginning in the morning (8:00 am) and lasting until night (7:59 pm), with
the greatest differences present in the morning and afternoon. Multiple fallers had higher
peaks of daily PA, overall, compared to single fallers and interestingly “risky” fallers were
more likely to be multiple fallers than “normal” fallers. This consistently lower PA among
“normal” fallers may be indicative of greater functional challenges with activities related to
daily living or more difficulty managing chronic conditions as well as a greater propensity
for fatigue, which may further contribute to the onset and progression of sedentary behaviors
with aging.2

Taken together, the current findings suggest that older adults with greater disease burden and
poorer functional status may be more easily fatigued or experience a greater fear of falling
compared to their healthier, more functional counterparts.22-24 The often substantial
differences in PA between groups of varying functional statuses, especially around mid-day,
support the hypothesis that these time-of-day differences can be quite informative regarding
health and functioning in older adults. Though cross-sectional, these findings highlight time-
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of-day differences that may be helpful in designing interventions to reduce falls by targeting
PA increases for times where PA is typically lower. Given the established success of PA
interventions in older populations, these targeted interventions could potentially enhance and
add to the ability to increase mobility and quality of life.>8 In addition, identifying time of
day differences in PA by functional status will allow more focused efforts and directed
clinical discussions with patients to overcome the obstacles potentially contributing to lower
PA during these times.

This study has several limitations. First, participants in the BLSA are healthier than the
general population. This may attenuate the differences in PA between fallers and non-fallers,
resulting in an underestimation of the true relationships among comorbidities, employment,
and PA with aging. To account for the high-functioning level of participants, the current
analysis compared activity levels of those that fell doing “risky” or unusual activities with
those that fell doing normal routine activities. These two groups represent two very different
types of individuals as demonstrated by the significantly higher PA, better balance, and
lower prevalence of reported functional challenges in the “risky” fallers compared to the
“normal” fallers. Those that are able to engage in activities they perceive to be risky are
likely functionally superior to those who fall doing normal activities like getting out of bed
or into the shower. Thus, by comparing differences in PA in these two groups, it is possible
to examine how highly functioning individuals differ by total daily PA as well as PA
throughout the day, compared to less functional individuals more prone to falling during
routine tasks, highlighting differences that are important for sustaining PA and function later
into life. Second, the measurement of falls with a health interview questionnaire is subject to
substantial recall bias. Importantly, those who remember their falls are more likely to have
sustained injuries, and less-intense falls may not be reported. Finally, the cross-sectional
design of this analysis prevents causal inference and direction of associations from being
determined.

The health benefits of PA are well established, but a more comprehensive understanding of
the benefit of the overall amount of time spent ambulatory, as well as the diurnal patterns of
daily PA will aid in the establishment of improved recommendations, interventions for
maintaining daily PA into late life, and focused clinician-assisted interventions to overcome
specific patient obstacles responsible for these time-specific differences. The current
findings use such metrics to add to the substantial literature on PA and falls by highlighting
fundamental differences in objectively measured total and time of day PA in a well-
functioning population of older adults. Future longitudinal research on the directionality of
the associations presented in these analyses, as well as interventions to improve daily nadirs
of activity is warranted.

Supplementary Material

Refer to Web version on PubMed Central for supplementary material.
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Figure 1.
Smoothed 24-hour median activity counts per minute for (A) fallers vs. non-fallers, (B)

multiple vs. single-time fallers, (C) risky vs. non-risky fallers, (D) balance problems vs. no
balance problems

Am J Phys Med Rehabil. Author manuscript; available in PMC 2019 April 01.



Page 11

Nastasi et al.

suoriodoud 10y 1531 patenbs-1yd pue ‘ainseaw SNONUIU0I 1o} adueLIeA 4o sisAjeue ‘uostiedwod dnoif oy anjea d
¥

:9J0N
70 78¢'0c  06T'GE  V/8TC  €89'9E sjunod Ananoe Ajreq
2L (cov) 08 (8'8¢) ore ‘ou ‘UoIsualadAH
090 (T22) S (T62) 08T "ou ‘39ue)
200 (T'T1) 44 (09) L€ ‘ou ‘sajeqelq
160 (e'59) 1 (e€9) €€ “0U ‘B0.S
8.0 (s8) LT (ze6) 1S "0U ‘aseasip Heay Areuoiod
190 (eLv) 96 ('6v) 1423 ‘ou ‘pakojdw
200 ve €L Gz 891 () uoneanp3
7000 (6%) 01 (L) Ly J8yio
7000 (2L1) 9 (6L2) 8.1 oelg
000 (e22) ST (2v9) 454 3HUM

'0U ‘adey

1000 > (e'6T) 6€ (1°6) 85 ‘ou ‘And1yY1Q souereg
100 [4Al} STT vZ'0 8T'T (syw) paads 1reb fensn

ST'0 S 8.2 9 zle (zw/Bx) xapu ssew Apog

250 (6'TH) a8 (rvw) €82 ‘0U ‘Xas a[eI

910 6T 629 T'€T 7’99 (K) 9By
Qnend () as  uesw (%) as uesN  (¥T0Z — 200Z) sonstialoe.eyo juedioned

(c0z =u) sa9lieqd  (L€9 = U) S49][ej-UON
(o8 = N) smeis Bulje) Ag sonsLisideseyd uedionied
T 3|qeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Am J Phys Med Rehabil. Author manuscript; available in PMC 2019 April 01.



Page 12

Nastasi et al.

30UE[eq INOYIIAM 350U} UBY) 1aMO] SIUN0d-Bo| g0 sem swiajqoad aouejeq yiim asoyl 404 SIUNod ALIAIOR Uesw 8y |

5

"sI3][ey [ewiou uey JayBiy syunod-Go| Z'9 sem sia|fey A4S, 104 SIUN0D AIAIOR UBBW wf.n

's13][ey 81BUIS UBY} JaMO] SIUN02-B0] 9°6 Sem SIa|[ey a|di N 10} SIUNOI ANAIDR UeaW mE._.qN

'SUIQ JOYJ0 10§ UOIIRIRIAIBIUI Je[IWIS YHAM ‘SI3|[ej-Uuou uey JayBiy sunoo-Ho| £°0 sem sia|jey 1oy SIUN0D ANANDE pawiojsuen-Ho uesw ayL
*

*80UBOIIUBIS [BONSITEIS SBIRDIPUI SIaquINU plog (T + SIUN0J)U| = UoIIewWIojsuEs BOT (810N

(8v0°0) 9'v2- (€00°0) 8'2v— (800°0) 8'€v— (01°0) 8°22- (zz'0) v'91- (68°0) g8°0- aoueleq ou "SA msm_gew Mﬂmmm
(1z0) 812 (9000) £'95 (100°0) ¥'82 (v000) €22 (ov'0) T'9T- (Le0) 429 SI13] B} . [RULIOU,, “SA SI3][8} JOISTY,,
(€9°0) L'2- (8£°0) 99T (oT°0) L'5€ (T00) 2’19 (96°0) L0 (¥1°0) 96~ slley 31BuIs 'sA 31NN
(e6'0) L'0 (ze'0) o1 (sT0)0°LT (T6°0) ¥'T (56'0) 90 (¥6°0),.€0 SJa][ej-Uou 'sA s19|[ed

(anfen (enjen (anjen (anfen (enjen (anren sdnoubgns
d) 1ua1914J902 B1Og d) 1ua1011J309 Blag d) ua1014J902 B1Og d) jus1014J900 B19g d) 1ua101J909 Blag d) jus10144900 B1Og
we 00:2T — 008 wd 00:8 - 00:¥ wd 00:¥ - 00:2T wd 00:¢T - 00:8 we 00:8 — 00 we 00: —00:2T
sulq awiL
‘IING pue

‘Jopuab ‘abe 10} Buijjonuo9 [apow uolssalbial Jeaul] e wody sulq awn Ag sdnoibgns snoLeA 10) sJUN0I ANIAINDE [L10) pawlojsue-Ho| ul aduaIapIp Ues|N

¢ dlqeL

Author Manuscript Author Manuscript

Author Manuscript

Author Manuscript

Am J Phys Med Rehabil. Author manuscript; available in PMC 2019 April 01.



	Abstract
	INTRODUCTION
	METHODS
	Participants
	Study Procedure
	Statistical Analysis

	RESULTS
	Participant Characteristics
	Differences in Daily PA
	Differences in PA by Time-of-Day

	DISCUSSION
	References
	Figure 1
	Table 1
	Table 2

