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Abstract

Background: Orthostatic hypotension (OH), cognitive impairment (Cog) and mobility impairment (MI) frequently co-
occur in older adults who fall. This study examines clustering of these three geriatric syndromes and ascertains their relationship
with future falls/fractures in a large cohort of community-dwelling people ≥ 65 years during 8-year follow-up.
Methods: OH was defined as an orthostatic drop ≥ 20 mmHg in systolic blood pressure (from seated to standing) and/or
reporting orthostatic unsteadiness. CI was defined as Mini Mental State Examination ≤ 24 and/or self-reporting memory as
fair/poor. MI was defined as Timed Up and Go ≥12 s. Logistic regression models, including three-way interactions, assessed
the longitudinal association with future falls (explained and unexplained) and fractures.
Results: Almost 10% (88/2,108) of participants had all three Bermuda syndromes. One-fifth of participants had an
unexplained fall during follow-up, whereas 1/10 had a fracture. There was a graded relationship with incident unexplained
falls and fracture as the number of Bermuda syndromes accumulated. In fully adjusted models, the cluster of OH, CI and
MI was most strongly associated with unexplained falls (odds ratios (OR) 4.33 (2.59–7.24); P < 0.001) and incident fracture
(OR 2.51 (1.26–4.98); P = 0.045). Other clusters significantly associated with unexplained falls included OH; CI and MI;
MI and OH; CI and OH. No other clusters were associated with fracture.
Discussion: The ‘Bermuda Triangle’ of OH, CI and MI was independently associated with future unexplained falls and
fractures amongst community-dwelling older people. This simple risk identification scheme may represent an ideal target for
multifaceted falls prevention strategies in community-dwelling older adults.
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Key Points

• The combination of orthostatic hypotension, cognitive impairment and mobility impairment has been labelled the Bermuda
Triangle of Falls.

• Having all three syndromes was independently associated with a >4-fold risk of future unexplained falls.
• There was also double the likelihood of future fracture in those with the Bermuda Triangle of Falls.
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• The risk of falls attributable to these syndromes appears to be additive, with one syndrome amplifying the effect of another.
• This simple risk identification scheme may represent an ideal target for multifaceted falls prevention strategies in later life.

Background

Falls represent the commonest cause of accidental death
in older people [1] and the most frequent reason for pre-
sentation to hospital. Falls, particularly falls causing injury,
increase the likelihood of nursing home admission [2], pro-
longed hospital length of stay [3], cognitive decline [4], fear
of falling [5] and early mortality [6].

However, many falls in later life are related to modifiable
factors and are therefore potentially preventable. Defining
which older people are at higher risk of falls, and identi-
fying the factors, or combinations of factors, that heighten
this risk are therefore important to inform preventative
strategies [7]. Three frequently cited causes of falls in later
life are orthostatic hypotension (OH) [8], problems with
mobility, gait and balance [9] and cognitive impairment
[10].

One in five community-dwelling older people have
OH [11], defined as a drop in systolic blood pressure
(SBP) ≥20 mmHg and/or diastolic blood pressure (DBP)
≥10 mmHg within 3 min of standing [8]. In later life, OH
is characterised by delayed BP recovery after standing [12],
causing cerebral hypoperfusion and increasing the risk of
falls [13] and fractures [14].

Similarly, the prevalence of mobility and gait abnormal-
ities in community-dwelling older people is 35% [15], and
older people identified with an unsteady gait have a >50%
independent higher likelihood of falls during the following
21 months [16]. There is a 7% increase in the risk of
falls for every 10 cm/s slowing of gait speed in later life
[17].

Cognitive impairment is associated with double the risk of
serious injury from falls in older people [18]. When followed
over an average of 2.5 years, 1/3 of people with dementia
had a fall requiring hospitalisation [19] and falls are more
frequent in those with co-existing gait and balance deficits
[20].

Clinically, it has been hypothesised that the co-existence
or clustering of these three geriatric syndromes in an older
individual may increase the risk of falls and fractures beyond
what is seen with each of the syndromes in isolation. A
synergy between the factors can be explained by OH desta-
bilising the underlying mobility impairment (MI), and cog-
nitive impairment reducing prudential anticipation of the
increased gait instability as well as impaired ability to appro-
priately react to the instability. This hypothesis was termed
the ‘Bermuda Triangle’ of falls, representing physiological
instability across three integrated systems, but this had yet
to be demonstrated in a well-designed study [21, 22, 23].
The aim of this study was therefore to examine clustering
of these three common geriatric syndromes—OH, cognitive
and MI—and examine the longitudinal relationship between

clusters of these syndromes and incident falls and fractures
during an 8-year follow-up period.

Methods

Study design

This study utilised data from The Irish Longitudinal Study
on Ageing (TILDA), a large population-based nationally
representative sample of community-dwelling older adults
aged ≥50 years. Waves of data collection were conducted at
2-yearly intervals. In this study, we used data from Waves 1
to 5, collected between 2009 and 2018.

The TILDA study design has been outlined previously
[24]. The study was designed to investigate how the health,
social and economic circumstances of the older Irish popula-
tion interact in the determination of ‘healthy’ ageing. Briefly,
there are three components to data collection: a computer-
assisted personal interview carried out by social interviewers
in the participants’ own home; a self-completion question-
naire completed and returned by the participant; and a
comprehensive centre-based health assessment or a modified
home-based health assessment carried out by trained research
nurses.

Participants were included in this study if they were
aged ≥ 65 years at Wave 1 and underwent assessments of
postural blood pressure, memory and mobility outlined
below, and completed at least 2 years follow-up within
the study. Subsequent waves were conducted at 2-yearly
intervals. Assessments were carried out by trained research
nurses. Longitudinal analysis examines the association of
Bermuda Triangle variables at Wave 1 with future falls
(at any of Waves 2–5). Any changes in Bermuda Triangle
variables from Waves 2 to 5 were not included in the
study.

Participants were excluded from participation in TILDA
at Wave 1 if they had a pre-existing diagnosis of dementia.

The Bermuda Triangle

Participants were assessed for each of the three geriatric
syndromes comprising the ‘Bermuda Triangle’ of falls
at Wave 1: OH, cognitive impairment and MI. See
Supplementary Figure 1.

OH was defined as a drop of ≥20 mmHg in SBP when
measured after standing from a seated position and/or
reporting unsteadiness when getting up from a chair. An
abnormal orthostatic fall in DBP without an abnormal fall
in SBP is rare amongst patients with syncope and orthostatic
intolerance. And ∼95% of patients with classical OH can be
identified by systolic criterion alone [25]. BP was measured
using an Omron digital cuff.
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Cognitive impairment was defined as a Mini Mental State
Examination (MMSE) Score ≤ 24 and/or self-reporting
memory as fair or poor [26].

MI was defined as a Timed Up and Go Score ≥ 12 s [27].
The TUG is a quick, standardised assessment of mobility
[27].

Falls and fractures

At Waves 2–5, participants were asked ‘Have you had any
falls since the last interview?’ This was used to derive the
‘Falls’ variable.

If they answered yes to this, participants were then asked,
‘Were any of these falls non-accidental, i.e., with no apparent
or obvious reason?’ This was used to inform the ‘Unexplained
Falls’ variable. Explained falls were therefore accidental falls,
because of slips or trips.

We distinguished falls types as explained and unexplained
as this mirrors clinical practice, where unexplained falls
are managed similarly to unexplained syncope in terms of
diagnostic evaluation [28] and are more likely to be recur-
rent, injurious and associated with cardiovascular disease and
cognitive impairment [29, 30, 31].

Participants were also asked about a history of fracture
since the last interview (hip, wrist, vertebral and other frac-
tures) at Waves 2–5 and this was used to derive the ‘Fractures’
variable.

Other measures

Highest level of educational attainment (a surrogate marker
of social deprivation) was collected by self-report (primary,
secondary and tertiary). Heart disease, which is associated
with all three components of the Bermuda Triangle [32, 33,
34], was also defined as a self-reported history of heart attack,
angina, congestive cardiac failure and/or arrhythmia. The
Cut Down, Angry, Guilty, Eye Opener (CAGE) scale was
used to assess for excess alcohol intake [35]. Polypharmacy
was defined as regularly taking greater than or equal to 5
medications and medication lists were examined to confirm
this. It was not possible to assess compliance with medica-
tions. Chronic disease burden was assessed by self-report of
the following conditions: cancer, liver disease, kidney disease,
thyroid disease, arthritis and lung disease.

Statistical analysis

Data were analysed using Stata version 14.1 (Statacorp,
Texas).

Clustering of geriatric syndromes was reported descrip-
tively with differences between groups analysed with chi-
square tests.

Baseline characteristics of the study sample by number
of geriatric syndromes were presented descriptively using
proportions and mean values with 95% confidence intervals.

Logistic regression models, reporting odds ratios (OR)
and 95% confidence intervals (CI), with falls (explained and
unexplained) and fractures during follow-up as dependent

variables, were used to assess the longitudinal association
between the Bermuda Triangle clusters and the longitudinal
outcomes of interest. All participants were included in regres-
sion models with analysis adjusted for follow-up time. Two
models were used: Model 1 was adjusted only for follow-
up time, whereas Model 2 was adjusted for age (in groups
65–69 years (reference group), 70–74 years and ≥ 75 years),
sex, educational attainment, alcohol excess, heart disease,
polypharmacy and chronic disease burden (in groups of n = 0
(reference group), n = 1 and n ≥ 2). These covariates were
chosen a priori based on their likelihood of modifying the
association between variables of interest and falls.

Geriatric syndromes were analysed within these regression
models in two ways. First, participants were divided into
four groups based on the number of geriatric syndromes
present, with participants with no geriatric syndromes serv-
ing as the reference value in the models. Second, a three-way
interaction was used to examine the independent association
of different clusters of these geriatric syndromes, compared
with the reference of no OH, normal cognition and normal
mobility, yielding seven comparison groups.

Ethics

Each wave of the TILDA study was approved by the Faculty
of Health Sciences Research Ethics Committee at Trinity
College Dublin and all participants gave informed writ-
ten consent. All experimental procedures adhered to the
Declaration of Helsinki.

Results

Just over half (1,115/2,108, 53%) of participants had neither
OH, cognitive impairment nor MI.

Of the participants with cognitive impairment (546/2,108,
26% of study sample), 1/3 (169/546) had co-existing MI
(X 2 = 77.973; P < 0.001) and 1/3 (173/546) had co-existing
OH (X 2 = 26.885; P < 0.001). Almost half of participants
with cognitive impairment (254/546) had either OH or MI.

Almost one-quarter of participants had OH (497/2,108,
24% of study sample). Almost 35% of participants with
OH had co-existing cognitive impairment (173/497) and
over 1/3 (183/497, 37%) had co-existing MI. Almost half of
participants with OH (229/497, 46%) had either cognitive
impairment or MI.

One-fifth (387/2108) of participants had MI ; almost
half (183/387, 47%) had co-existing OH and 44% had
co-existing cognitive impairment (169/387). Over 2/3 of
participants with MI (264/387, 68%) had co-existing OH
or cognitive impairment. See Figure 1.

Of those with at least one geriatric syndrome of the
Bermuda Triangle (993/2,108, 47%), over 2/3 (644/993)
had any one of the three geriatric syndromes, one-quarter
had any two features (261/993) and almost 10% (88/993)
had all three geriatric syndromes.

The baseline characteristics of the study sample by
number of Bermuda syndromes are shown in Table 1.
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Figure 1. Clustering of OH, Cognitive Impairment and MI. Notes: CI, cognitive impairment. OH was defined as a drop of
≥20 mmHg in SBP when measured after standing from a seated position and/or reporting unsteadiness when getting up from a
chair. Blood pressure was measured using an Omron digital cuff. Cognitive impairment was defined as an MMSE Score ≤ 24 and/or
self-reporting memory as fair or poor. MI was defined as a Timed Up and Go Score ≥ 12 s.

Participants who did not have OH, cognitive impairment
or MI were younger with higher levels of educational
attainment and lower proportions of heart disease, polyphar-
macy and chronic disease burden than those with one or
more Bermuda Triangle components. Of participants with
polypharmacy, 85% were prescribed anti-hypertensives,
15% were prescribed antidepressants and 10% were
prescribed anticholinergic medications.

When compared with participants with no Bermuda
Triangle geriatric syndromes, those with all three were on
average almost 7 years older, twice as likely to have left school
at primary level and had significantly higher proportions of
heart disease, polypharmacy and chronic disease.

Longitudinal analysis: explained falls

Almost half (944/2,108, 45%) of the study sample had an
explained fall during follow-up (mean follow-up 6.6 years
(95% CI 6.5–6.7)). There was no significant association
between number of Bermuda syndromes and explained falls.
Similarly, specific clusters of OH, cognitive impairment
and MI were not associated with explained falls. See
Supplementary Table 1.

Longitudinal analysis: unexplained falls

Over 1/5 (470/2108) of the study sample had an unex-
plained fall during follow-up. In fully adjusted models,
having all three geriatric syndromes of the Bermuda Triangle
of Falls was associated with a >4-fold increased likelihood
of unexplained falls (OR 4.36 (2.61–7.28); P < 0.001)).
Furthermore, the cluster of OH, cognitive impairment and
MI was the one with the closest independent association with

unexplained falls when compared with other clusters. See
Table 2 and Figure 2.

Longitudinal analysis: fracture

Almost 9% (182/2108) of the study sample had a fracture
during follow-up. The combination of all three geriatric
syndromes was independently associated with more than
double the likelihood of incident fracture during follow-up
(OR 2.51 (1.27–4.96); P = 0.008). The triple combination
of OH, cognitive impairment and MI was again the most
closely associated with incident fracture in fully adjusted
models. See Table 3 and Figure 2.

Discussion

The combination of OH, cognitive impairment and MI
has been labelled the Bermuda Triangle of Falls [21, 22].
This study examines clustering of these three common geri-
atric syndromes, as well as the likelihood of falls related to
these clusters, in a large, population-representative sample
of community-dwelling older people. OH, cognitive impair-
ment and MI tended to cluster together closely. For example,
over 2/3 of participants with gait problems had co-existing
OH and/or cognitive impairment.

Furthermore, specific clusters were independently asso-
ciated with falls and fracture during the 8-year follow-up.
In fully adjusted models, the combination of all three syn-
dromes was associated with a >4-fold likelihood of unex-
plained falls and a two-fold higher likelihood of fracture
when compared with participants who did not have any of
the syndromes of the Bermuda Triangle. There was also a
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Table 1. Baseline characteristics by number of geriatric syndromes comprising the ‘Bermuda triangle’ of OH, cognitive
impairment and MI

0 Ger syndromes
n = 1,115

1 Ger syndrome
n = 644

2 Ger syndromes
n = 261

3 Ger syndromes
n = 88

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age category:

65–69 years
70–74 years
≥ 75 years

Mean age, years (95% CI)

0.47 (0.44–0.50)
0.30 (0.27–0.33)
0.29 (0.20–0.25)
70.95 (70.65–71.24)

0.36 (0.33–0.40)
0.29 (0.26–0.33)
0.35 (0.31–0.38)
72.61 (72.15–73.06)

0.21 (0.17–0.27)
0.23 (0.18–0.29)
0.56 (0.49–0.62)
76.01 (75.17–76.85)

0.10 (0.05–0.19)
0.23 (0.15–0.33)
0.67 (0.56–0.76)
77.88 (76.42–79.33)

Female sex 0.51 (0.49–0.54) 0.51 (0.47–0.55) 0.57 (0.51–0.63) 0.48 (0.37–0.58)
Educational attainment:

Primary
Secondary
Tertiary

0.29 (0.26–0.31)
0.37 (0.34–0.40)
0.34 (0.32–0.37)

0.43 (0.39–0.47)
0.34 (0.30–0.37)
0.24 (0.21–0.27)

0.51 (0.45–0.57)
0.32 (0.26–0.38)
0.17 (0.13–0.22)

0.60 (0.49–0.70)
0.28 (0.20–0.39)
0.11 (0.06–0.20)

CAGE alcohol score:
<2
≥2
Did not answer

0.86 (0.84–0.88)
0.07 (0.06–0.09)
0.07 (0.06–0.09)

0.83 (0.80–0.86)
0.08 (0.06–0.11)
0.08 (0.06–0.11)

0.80 (0.74–0.84)
0.05 (0.03–0.09)
0.15 (0.11–0.20)

0.74 (0.64–0.82)
0.08 (0.04–0.16)
0.18 (0.11–0.28)

Heart Diseasea 0.18 (0.16–0.21) 0.25 (0.22–0.29) 0.32 (0.26–0.38) 0.30 (0.21–0.40)
Polypharmacyb 0.24 (0.22–0.27) 0.36 (0.32–0.40) 0.50 (0.44–0.56) 0.69 (0.59–0.78)
Chronic Disease numberc

None
1
≥2

0.55 (0.52–0.58)
0.38 (0.35–0.41)
0.07 (0.05–0.08)

0.45 (0.41–0.49)
0.44 (0.40–0.48)
0.11 (0.09–0.14)

0.31 (0.26–0.37)
0.53 (0.47–0.59)
0.15 (0.11–0.20)

0.33 (0.24–0.44)
0.49 (0.38–0.59)
0.18 (0.11–0.28)

Mean follow-up, years (95% CI) 7.00 (6.89–7.12) 6.58 (6.41–6.74) 5.75 (5.46–6.05) 4.91 (4.39–5.43)

Notes: CI, confidence interval; Ger Syndromes, geriatric syndromes. The Bermuda Triangle of Falls comprises OH, cognitive impairment and MI. OH was defined as
a drop of ≥20 mmHg in SBP when measured after standing from a seated position and/or reporting unsteadiness when getting up from a chair. Blood pressure was
measured using an Omron digital cuff. Cognitive impairment was defined as an MMSE Score ≤ 24 and/or self-reporting memory as fair or poor. MI was defined
as a Timed Up and Go Score ≥ 12 s. aHeart disease was defined as a self-reported history of heart attack, angina, congestive cardiac failure and/or arrhythmia;
bpolypharmacy was defined as taking greater than or equal to five medications and medication lists were examined to confirm this; cchronic disease burden was
assessed by self-report of the following conditions: cancer, liver disease, kidney disease, thyroid disease, arthritis and lung disease.

graded relationship, with a stronger association seen as the
number of geriatric syndromes accumulated. Similarly, when
examined in three-way interaction models, the cluster of
OH, cognitive impairment and MI was most strongly asso-
ciated with both unexplained falls and fractures, compared
with other clusters.

There was no association observed between clusters of
Bermuda syndromes and explained falls. Explained falls were
defined as falls because of slips or trips, and often occur in
the absence of underlying falls risk factors, particularly if not
recurrent. This is reflected by the fact almost half of the study
sample had an explained fall during follow-up. Unexplained
falls are more likely to be recurrent, injurious and associated
with comorbidities [29, 30, 31].

Prior studies have demonstrated linkages between these
three geriatric syndromes. Previous studies using TILDA
data have demonstrated that delayed orthostatic BP recovery
was associated with slower gait speed [35], as well as a
decline in cognitive performance [36]. While the association
between mobility and cognitive impairment is also well-
described [37, 38], to our knowledge, this is the first study
to examine clustering of all three interconnected syndromes,
particularly in a large, population-representative sample of
older people, as well as examine the relationship with inci-
dent falls and fracture.

Unpacking the biological mechanisms that underpin
the links between these three geriatric syndromes is
complex. Shared mechanistic pathways, including mid-life

hypertension [39, 40], heart disease [41, 42] and structural
brain changes, including white matter disease [43, 44],
may partially explain the associations we report. It is
also possible that there is a more direct link between
these syndromes; for example, via the cerebral perfusion
deficits seen in OH affecting balance and cognition [45],
and/or the effect of deficits in executive function and
motor planning on maintenance of steady gait [46].
While progressive neurodegeneration could also represent
a common mechanistic pathway, participants with dementia
were excluded at Wave 1 when assessments were completed,
and prevalence of Parkinson’s Disease within the study was
very low.

The findings in this study support what is often seen
clinically in older people who have fallen; that these com-
mon geriatric syndromes often cause falls; that the risk of
falls attributable to these syndromes appears to be additive,
with one syndrome amplifying the effect of another and
that the likelihood of falls therefore increases sequentially
with accumulation of deficits, dictating the need for multi-
faceted preventative interventions to reduce falls risk in frail,
older people [47]. Indeed, frailty defined as accumulation
of deficits has been shown to be independently associated
with falls in older people [48]. In addition, they help inform
a more focused clinical attention on these three factors
in the context of older people presenting to emergency
departments with falls, directing assessment towards these
three relevant and remediable factors, and helping to avoid
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Table 2. Logistic regression models, with unexplained falls as dependent variable, including three-way interaction of OH,
cognitive impairment and MI

Model 1: ‘Bermuda Triangle’, adjusted for follow-up time only

OR (95% CI) z P
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bermuda Triangle:
Ref: 0 Ger Syndromes
1 Ger Syndrome
2 Ger Syndromes
All 3 Ger Syndromes

Ref
1.68 (1.31–2.14)
3.93 (2.88–5.37)
5.83 (3.60–9.45)

Ref
4.14
8.62
7.15

Ref
<0.001
<0.001
<0.001

Model 2: ‘Bermuda Triangle’, Fully Adjusted

OR (95% CI) z P
Bermuda Triangle:
Ref: 0 Ger Syndromes
1 Ger Syndrome
2 Ger Syndromes
All 3 Ger Syndromes

Ref
1.53 (1.19–1.97)
3.15 (2.26–4.39)
4.36 (2.61–7.28)

Ref
3.29
6.77
5.63

Ref
0.001
<0.001
<0.001

Model 3: 3-Way Interaction, Adjusted for follow-up time only

OR (95% CI) z P
MI # Cog impairment # OH
Ref: normal mobility # normal cognition # No OH
MI with normal cognition, No OH
OH with normal mobility, normal cognition
Cog impairment with normal mobility, No OH
MI and Cog Impairment with no OH
MI and OH with normal cognition
Cognitive impairment and OH with normal mobility
MI, cognitive impairment and OH

Ref
1.65 (1.03–2.65)
2.04 (1.46–2.84)
1.44 (1.04–1.99)
3.76 (2.29–6.16)
4.68 (2.94–7.45)
3.42 (2.12–5.53)
5.86 (3.62–9.51)

Ref
2.09
4.17
2.18
5.25
6.51
5.01
7.17

Ref
0.037
<0.001
0.029
<0.001
<0.001
<0.001
<0.001

Model 4: 3-Way Interaction, Fully Adjusted

OR (95% CI) z P
MI # Cog impairment # OH
Ref: normal mobility # normal cognition # No OH
MI with normal cognition, No OH
OH with normal mobility, normal cognition
Cog impairment with normal mobility, No OH
MI and Cog impairment with no OH
MI and OH with normal cognition
Cognitive impairment and OH with normal mobility
MI, cognitive impairment and OH

Ref
1.35 (0.83–2.20)
1.82 (1.29–2.56)
1.38 (0.99–1.93)
2.92 (1.73–4.92)
3.44 (2.10–5.63)
3.03 (1.85–4.97)
4.33 (2.59–7.24)

Ref
1.21
3.41
1.89
4.03
4.91
4.40
5.59

Ref
0.225
0.001
0.059
<0.001
<0.001
<0.001
<0.001

Notes: n = 2,108. The Bermuda Triangle of Falls comprises OH, cognitive impairment and MI. OH was defined as a drop of ≥20 mmHg in SBP when measured
after standing from a seated position and/or reporting unsteadiness when getting up from a chair. Blood pressure was measured using an Omron digital cuff.
Cognitive impairment was defined as an MMSE Score ≤ 24 and/or self-reporting memory as fair or poor. MI was defined as a Timed Up and Go Score ≥ 12 s.
Unexplained Falls defined as falls not because of slips or trips, with no clear reason for the fall. Abbreviations: Ger Syndromes, Geriatric Syndromes; CI, confidence
interval; Cog, cognition. Models 1 and 3 adjusted for follow-up time only. Models 2 and 4 adjusted for age, sex, educational attainment, alcohol excess, heart
disease, polypharmacy and chronic disease burden.

unnecessary investigations that both have costs and increase
length of stay [49].

These findings have important implications for clinical
practice and research. The risk of falls associated with the
Bermuda Triangle may be modifiable, but likely requires
a multifaceted approach. OH is often related to culprit
medications, such as anti-hypertensives [50] or antidepres-
sants [51], which could be rationalised. General medication
optimisation, including pharmacist-led interventions, has
been shown to reduce falls risk amongst frail, older people
[52]. Similarly, gait re-education and adaptability training
has been shown to reduce falls in older people [53]. While

the effect of falls prevention interventions in older people
with cognitive impairment and dementia remains unclear
[54], there is a need for robust studies examining tailored
interventions [55]. The high potential for easy identification
and falls/fractures prevention in the primary care setting
is underscored by the fact that the assessments required to
ascertain the presence of Bermuda syndromes as described
in our study takes less than 10 min.

There are some limitations of this study that should be
noted. Data on falls, as well as chronic disease information
and fracture history, were based on self-report and may
therefore be subject to recall bias. While we included
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Table 3. Logistic regression models, with fracture as dependent variable, including three-way interaction of OH, cognitive
impairment and MI

Model 1: ‘Bermuda Triangle’, adjusted for follow-up time only

OR (95% CI) z P
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Bermuda Triangle:
Ref: 0 Ger Syndromes
1 Ger Syndrome
2 Ger Syndromes
All 3 Ger Syndromes

Ref
1.18 (0.83–1.68)
1.57 (0.98–2.50)
2.89 (1.53–5.49)

Ref
0.92
1.89
3.26

Ref
0.360
0.058
0.001

Model 2: ‘Bermuda Triangle’, Fully Adjusted

OR (95% CI) z P
Bermuda Triangle:
Ref: 0 Ger Syndromes
1 Ger Syndrome
2 Ger Syndromes
All 3 Ger Syndromes

Ref
1.09 (0.76–7.68)
1.19 (0.72–10.75)
2.51 (1.27–4.96)

Ref
0.48
0.69
2.64

Ref
0.630
0.493
0.008

Model 3: 3-Way Interaction, Adjusted for follow-up time only

OR (95% CI) z P
MI # Cog impairment # OH
Ref: normal mobility # normal cognition # No OH
MI with normal cognition, No OH
OH with normal mobility, normal cognition
Cog impairment with normal mobility, No OH
MI and Cog impairment with no OH
MI and OH with normal cognition
Cognitive impairment and OH with normal mobility
MI, cognitive impairment and OH

Ref
1.97 (1.10–3.53)
0.93 (0.53–1.62)
1.09 (0.68–1.75)
2.82 (1.51–5.30)
0.47 (0.14–1.52)
1.74 (0.86–3.51)
2.91 (1.73–7.68)

Ref
2.29
−0.27
0.36
3.23
−1.27
1.55
3.27

Ref
0.022
0.789
0.719
0.001
0.206
0.122
0.001

Model 4: 3-Way Interaction, Fully Adjusted

OR (95% CI) z P
MI # Cog impairment # OH
Ref: normal mobility # normal cognition # No OH
MI with normal cognition, No OH
OH with normal mobility, normal cognition
Cog impairment with normal mobility, No OH
MI and Cog impairment with no OH
MI and OH with normal cognition
Cognitive impairment and OH with normal mobility
MI, cognitive impairment and OH

Ref
1.57 (0.85–2.89)
0.84 (0.48–1.49)
1.10 (0.67–1.79)
2.02 (1.02–4.00)
0.36 (0.11–1.21)
1.44 (0.70–2.95)
2.51 (1.26–4.98)

Ref
1.45
−0.59
0.38
2.01
−1.65
0.99
2.63

Ref
0.147
0.557
0.704
0.045
0.099
0.324
0.045

Notes: n = 2,108 The Bermuda Triangle of Falls comprises OH, cognitive impairment and MI. OH was defined as a drop of ≥20 mmHg in SBP when measured after
standing from a seated position and/or reporting unsteadiness when getting up from a chair. Blood pressure was measured using an Omron digital cuff. Cognitive
impairment was defined as an MMSE Score ≤ 24 and/or self-reporting memory as fair or poor. MI was defined as a Timed Up and Go Score ≥ 12 s. Fracture
defined as self-report of incident hip, wrist, vertebral or other fracture during follow-up. Abbreviations: Ger Syndromes, Geriatric Syndromes; CI, Confidence
Interval; Cog, Cognition. Models 1 and 3 adjusted for follow-up time only. Models 2 and 4 adjusted for age, sex, educational attainment, alcohol excess, heart
disease, polypharmacy and chronic disease burden.

polypharmacy as a covariate, this was based solely on
prescribed medications as it was not possible to assess
compliance within the study. Diagnoses of OH, cognitive
impairment and MI were not based on gold standard
diagnostic assessments; for example, the diagnosis of OH
was based on sitting and standing BP measurements and
on self-report of postural unsteadiness, rather than on
continuous BP monitoring during an active stand [56].
This also represents a strength of the study; however, as
we have shown that an accessible, rapid assessment that
can be performed without specialised equipment in most
settings can reliably stratify older people at risk of incident
unexplained falls and fractures. Further strengths of the study

include the large, well-described population-representative
sample of older people, with robust follow-up.

In conclusion, this study demonstrated that the ‘Bermuda
Triangle’ of Falls, i.e. the co-existence of OH, cognitive
impairment and MI , is independently associated with a
significantly increased risk of future unexplained falls and
fracture amongst community-dwelling older people, more
so than each of the geriatric syndromes in isolation. A rapid
assessment delineating the components of the Bermuda Tri-
angle of Falls can therefore be used to identify older people
at risk of falls. This simple risk identification scheme may
represent an ideal target for multifaceted falls prevention
strategies in community-dwelling older adults, as well as

7
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Figure 2. OR with 95% confidence intervals with unexplained falls and fracture as dependent variables by number of geriatric
syndromes. Notes: the Bermuda Triangle of Falls comprises OH, cognitive impairment and MI. OH was defined as a drop of
≥20 mmHg in SBP when measured after standing from a seated position and/or reporting unsteadiness when getting up from
a chair. Blood pressure was measured using an Omron digital cuff. Cognitive impairment was defined as an MMSE Score ≤ 24
and/or self-reporting memory as fair or poor. MI was defined as a Timed Up and Go Score ≥ 12 s. Unexplained Falls defined as
falls not because of slips or trips, with no clear reason for the fall. Fracture defined as self-report of incident hip, wrist, vertebral
or other fracture during follow-up. Abbreviation: No. of GS, number of geriatric syndromes. OR from logistic regression models
with unexplained falls and fractures as dependent variables. Analysis adjusted for follow-up time, age, sex, educational attainment,
alcohol excess, heart disease, polypharmacy and chronic disease burden.

more efficient triage, assessment and management in acute
settings.
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