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Abstract

Background: the timing of incident injurious falls at different stages of dementia diagnosis is unclear.
Objectives: to identify when the occurrence of injurious falls begins to increase among individuals who are going to develop
dementia, to explore the time point at which people living with dementia are at highest risk of injurious falls and to ascertain
differences in fall-related factors pre- and post-dementia diagnosis.
Design: this study included 2,707 participants with incident dementia and 2,707 1:1 matched (i.e. same birth year and sex)
controls without dementia.
Methods: dementia diagnosis and date of onset were identified from the National Patient Registry (NPR) and the Swedish
Cause of Death Register following international criteria. Information on injurious falls and history of chronic disease was
obtained from the NPR. Data were analysed using conditional Poisson regression and generalized estimating equation models.
Results: compared with controls, the incidence of injurious falls among participants with dementia started to increase
beginning 4 years pre-diagnosis (incidence rate ratio [IRR] 1.70, 95% confidence interval [CI] 1.30–2.22), reaching a peak
(IRR 3.73, 95% CI 3.16–4.41) in the year of dementia diagnosis. Heavy drinking, physically active and cardiometabolic
diseases (CMDs) were associated with incident falls among those with dementia.
Conclusion: people with dementia have a higher incidence of injurious falls beginning 4 years leading up to diagnosis and
peaking during the year of diagnosis. Older age, female, heavy drinking, physically active and CMDs may predict injurious
falls among people with dementia.
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Key Points

• People with dementia have a higher incidence of injurious falls beginning 4 years pre-diagnosis.
• The incidence of injurious falls in people with dementia peaks in the year of diagnosis.
• Older age, female sex, heavy drinking, being physically active and the presence of cardiometabolic diseases may predict falls

in people with dementia.
• There is a need for targeted fall prevention strategies for people with dementia, especially soon after dementia diagnosis.
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Introduction

Approximately 28–35% of people above the age of 65 expe-
rience one or more falls per year, and the incidence of
falls increases with age [1]. Falls can result in fractures and
other injuries, leading to disability, functional dependence
and premature death [2, 3]. Notably, Sweden has one of
the highest rates of fall-related injuries and mortality in the
world [4, 5]. Reducing and preventing the occurrence of falls
therefore plays a major role in the well-being and quality of
life of older adults.

Falls and dementia often co-exist in older adults and can
affect one another. Growing evidence has suggested that
falls may be a potential behavioural marker of preclinical
Alzheimer’s disease (ad), the most common type of dementia
[6, 7]. A cohort study showed that participants who fell more
than twice in a year had faster cognitive decline than those
who had no falls [8]. Meanwhile, dementia has also been
linked to an increased risk of falls [9]. Several longitudinal
studies have shown that people living with dementia or
cognitive impairment have a 2- to 8-fold higher risk of
falls compared with those with normal cognition [10, 11].
Therefore, ascertaining the time window in which dementia-
free older adults experience an uptick in fall incidence may
help identify individuals at risk for conversion to dementia
and support the development of intervention strategies. To
date, changes in the incidence of falls around the onset of
dementia are unknown.

After developing dementia, older adults experience more
cognitive and functional decline, can develop activity dis-
turbances (such as wandering), take on a more sedentary
lifestyle and feel more loss, denial, anger and apathy [12, 13].
Such changes may have an impact on physical and mental
health and could influence the subsequent occurrence of
falls. Therefore, it is clinically relevant to examine the occur-
rence of falls and related factors before and after dementia
diagnosis. The time from the presentation of an individual’s
first dementia symptoms to a formal diagnosis of dementia
ranges from an average of 1 to 2.8 years in clinical settings
[14–16]. Considering the changes in physical and mental
function that occur during dementia progression and the
delay between the emergence of dementia symptoms and
dementia diagnosis, we aimed to compare the patterns of
falls incidence both pre- and post-dementia diagnosis in
order to identify a time window for effective prevention
of falls among people with dementia. Many early studies
of falling in older adults systematically excluded those with
cognitive deficits or dementia [13, 17] or focused only on
falls after dementia onset [18, 19], limiting their ability to
evaluate fall risk across the full cognitive spectrum. Thus
far, no population-based studies have explored the longitu-
dinal changes in fall-related factors across dementia-free and
dementia stages.

In the present study, we aimed to (i) identify when
the occurrence of injurious falls starts to increase before
dementia onset, (ii) ascertain when people with dementia
are at highest risk of injurious falls and (iii) examine the

differences in fall-related factors before and after dementia
diagnosis using data from a large, nationally representative
population-based cohort.

Methods

Study population

Participants were derived from the nationwide Swedish Twin
Registry (STR) [20]. From 1998 to 2002, all living twins in
the STR who were born in 1958 or earlier were invited to
participate in the Screening Across the Lifespan Twin Study
(SALT), a full-scale screening via computer-based telephone
interviews. A total of 44,919 twin individuals participated in
the telephone interview. Of them, 3,493 developed dementia
between 1998 and 2016. From this group, we excluded 785
participants with unclear onset of dementia (n = 551), preva-
lent dementia at baseline (n = 152) or baseline age < 55 years
(n = 82), leaving 2,708 with dementia to be included in the
present study. Controls were selected from the remaining
dementia-free individuals. First, we excluded participants
with a baseline age < 55 years. Then, controls were matched
1:1 with the sample cohort according to birth year and sex;
all matched controls were alive at the time when participants
were diagnosed with dementia (one person with dementia
who was not matched was excluded). Finally, a total of 5,414
individuals (2,707 with and 2,707 without dementia) were
included in the current study (Figure 1).

Informed consent was obtained from all participants. The
study was approved by the Regional Ethics Board at Karolin-
ska Institutet, Stockholm, Sweden and by the Institutional
Review Board of the University of Southern California, USA.

Data collection

Information on age, sex, education, marital status, smok-
ing status, alcohol consumption, physical activity, zygosity,
height and weight were collected through the SALT survey.
Education was dichotomized as <8 years and ≥8 years based
on the maximum years of formal education received [21,
22]. Zygosity was categorized as monozygotic, dizygotic or
undefined zygosity. Marital status was defined as married/-
cohabitating or single (including divorced and widowed).
Smoking status was dichotomized as non-smokers or for-
mer/current smokers. Alcohol consumption was categorized
as no/mild drinking or heavy drinking. Physical activity was
defined based on a question about annual exercise patterns
and grouped as active (including the responses ‘more than
average’, ‘much more than average’ and ‘maximum’) and
inactive (including the responses ‘almost never’, ‘much less
than average’, ‘less than average’ and ‘average’) [23]. Body
mass index (BMI) was calculated as weight in kilograms
divided by the square of height in meters (kg/m2) and clas-
sified as underweight (<20.0), normal weight (20.0–24.9),
overweight (25.0–29.9) and obese (≥30).

Information on hypertension and cardiometabolic dis-
eases (CMDs) including type 2 diabetes mellitus (T2DM),
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Figure 1. Flowchart of the study population. Abbreviations: D, died. Note: Year 0 was the year of dementia diagnosis for participants
with dementia and the year at the corresponding matched age for those without dementia.

heart disease and stroke [24] was derived from the Swedish
National Patient Registry (NPR), which covers all inpatient
diagnoses from the 1960s and outpatient care (specialist
clinic) from 2001 until 2016 [25, 26]. The diagnosis of dis-
eases was made according to International Classification of
Disease (ICD) codes, as detailed in Supplementary Table 1.
The seventh revision (ICD-7) was used until 1968, and from
1969 to 1986, the eighth revision (ICD-8) was applied.
Between 1987 and 1996, the ninth revision (ICD-9) was
used, and the tenth revision (ICD − 10) has been employed
from 1997 through to the end of available follow-up in
2016.

For participants who died during follow-up, information
on cause of death and date of death was extracted via linkage
with the Swedish Cause of Death Register, which contains
all deaths reported to the tax authorities since 1997 [27].

Assessment of dementia

Information on dementia (ICD-8 code 290; ICD-9 codes
290.0-290.1, 290.4, 290.8-290.9, 331.0 and 331.2; ICD-10
codes F00.0, F01, F02, F03, F05, G30, G31.0 and G31.8)
was derived from the NPR and the Swedish Cause of Death
Register. The age at onset of dementia was estimated based
on the earliest date of dementia diagnosis in the NPR.

Assessment of injurious falls

In this study, injurious falls were defined as a fall resulting
in the need for medical care, whether outpatient care or
hospitalization. Information on the injurious falls diagnoses
and their corresponding recorded time was obtained from
the NPR records and identified by ICD-10 codes W00-W19
since 1997. Participants who fell one or more times in the
corresponding year were defined as fallers and the earliest

recorded date of those falls in that year was used as their
fall time.

Statistical analysis

Baseline characteristics of the study participants by dementia
status were compared using χ 2 tests for categorical variables
and t-tests for continuous variables.

Incidences of injurious falls were ascertained from a bidi-
rectional timescale. That is, year 0 was the year of dementia
diagnosis for participants with dementia and the year at the
corresponding matched age for those without dmentia. The
period ranging from 1 to 10 years before dementia diagnosis
was defined as the pre-diagnostic period (year −10 to year
−1) and the period ranging from 1 to 10 years after dementia
diagnosis was correspondingly defined as the post-diagnostic
period (year 1 to year 10).

In the primary analysis, we first calculated the age- and
sex-standardized incidence rates (IRs) of injurious falls from
10 years before dementia diagnosis (year −10), through
the period of diagnosis (year 0), to 10 years after demen-
tia diagnosis (year 10). Conditional Poisson regression was
used to calculate the incidence rate ratios (IRRs) and 95%
confidence interval (CIs) for injurious falls.

In the secondary analysis, we used generalized estimating
equation (GEE) model to estimate odds ratios (ORs) and
95% CIs for possible fall-related factors in people with
dementia. There were 2,704 individuals with dementia who
had information about injurious falls both pre- and post-
diagnosis (three individuals with dementia only had inju-
rious falls information since their dementia diagnosis year
and were deleted). Therefore, we included only these 2,704
participants when exploring potential factors associated with
injurious falls. The factors associated with injurious falls in
the pre- (year −10 to year −1) and post-diagnostic (year 1
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Table 1. Basic characteristics of the study population by dementia statusa (N = 5,414)

Characteristics Dementia-free (n = 2,707) Dementia (n = 2,707) P-value
. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age (years), mean ± SD 71.7 ± 7.2 71.7 ± 7.2 1.000
Female, n (%) 1,595 (58.9) 1,595 (58.9) 1.000
Education, n (%) 0.399

<8 years 1,416 (54.9) 1,382 (56.1)
≥8 years 1,164 (45.1) 1,083 (43.9)

Marital status, n (%) 0.260
Married/cohabitating 1,633 (62.1) 1,620 (63.6)
Single 998 (37.9) 928 (36.4)

Zygosity, n (%) 0.436
Monozygotic 555 (20.5) 555 (20.5)
Dizygotic 1896 (70.0) 1868 (69.0)
Undetermined 256 (9.5) 284 (10.5)

Smoking status, n (%) 0.814
Never smoked 1,558 (60.2) 1,479 (59.9)
Former/current smoker 1,031 (39.8) 992 (40.2)

Alcohol consumption, n (%) 0.923
No/mild drinking 2,470 (95.6) 2,353 (95.5)
Heavy drinking 115 (4.4) 111 (4.5)

Physical activity, n (%) 0.342
Non-active 672 (43.3) 684 (45.1)
Active 878 (56.7) 834 (54.9)

BMI, n (%) 0.236
Underweight 139 (5.6) 120 (5.0)
Normal weight 1,142 (45.6) 1,150 (48.5)
Overweight 1,017 (40.6) 912 (38.5)
Obese 206 (8.2) 189 (8.0)

Hypertension, n (%) 194 (7.2) 225 (8.3) <0.001
CMDs, n (%) 611 (22.6) 729 (26.9) <0.001

Type 2 diabetes mellitus, n (%) 176 (6.5) 249 (9.2) <0.001
Heart disease, n (%) 402 (14.9) 426 (15.7) 0.365
Stroke, n (%) 139 (5.1) 181 (6.7) 0.015

Abbreviation: SD, standard deviation. aAge, hypertension and CMDs (including type 2 diabetes mellitus, heart disease and stroke) were obtained at 10 years before
age of dementia diagnosis or matched age.

to year 10) periods were evaluated using GEE models, sepa-
rately. We used GEE rather than logistic regression to control
for yearly changes in injurious falls in the pre-and post-
diagnostic periods. Age, hypertension, and CMDs in pre-
and post-diagnostic analyses were measured at the year −10
or year 1 of dementia diagnosis, respectively. Sex, education
level, marital status, smoking status, alcohol consumption,
physical activity, and BMI were assessed before year −10
of dementia diagnosis. These were considered as potential
fall-related factors and were mutually adjusted in the GEE
models.

Missing values for education (n = 242), marital status
(n = 159), smoking status (n = 236), alcohol consumption
(n = 243), physical activity (n = 1,189) and BMI (n = 336)
were imputed by Rubin’s rule for pooling estimates to obtain
valid statistical inferences. P-values <0.05 were considered
statistically significant. All statistical analyses were performed
using Stata SE 15.0 (StataCorp, College Station, TX, USA).

Results

Characteristics of the study population

Among the 5,414 participants in the study, 3,190 (58.9%)
were female and 2,224 (41.1%) were male. The mean age at

year −10 was 71.7 ± 7.2 years. Compared with dementia-
free participants, those with dementia were more likely to
have hypertension and CMDs (Table 1). There were no
significant differences between the two groups in terms of
age, sex, education, marital status, smoking status, alcohol
consumption, physical activity level and BMI.

Incidence of injurious falls in the study population

Beginning 10 years prior to dementia diagnosis, the inci-
dence of injurious falls steadily increased with age in both
persons with and without dementia (Table 2). In Poisson
regression analysis, the age- and sex-standardized IRs of inju-
rious falls among persons with and without dementia were
similar (around 3.93–10.74 per 1,000 person-years) in the
5–10 years preceding dementia diagnosis (Figure 2). Among
controls, the steady increase in the rate of injurious falls lasted
until year 4. However, among people with dementia, the
incidence of injurious falls increased dramatically beginning
4 years pre-diagnosis (IR, 12.91; 95% CI, 10.82–15.01),
reaching very high levels in the year of dementia diagno-
sis (IR, 54.51; 95% CI, 50.33–58.69) and then droping
sharply after dementia diagnosis. In the 5 to 10 years after
dementia diagnosis, the incidence of injurious falls among
individuals with dementia returned to the same levels as the
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Table 2. Age- and sex-standardized IRs and 95% CIs per 1,000 person-years and IRRs and 95% CIs of falls before, during
and after dementia diagnosis in the study population (dementia-free participants as reference)

Time in relation
to diagnosis
(year)

Dementia-free (n = 2,707) Dementia (n = 2,707) IRR (95% CI)

No. of
subjects

Falls n (%) IR (95% CI) No. of
subjects

Falls n (%) IR (95% CI)

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
−10 1897 32 (1.7) 3.93 (2.57–5.29) 1897 36 (1.9) 4.42 (2.98–5.86) 1.12 (0.70–1.81)
−9 2010 36 (1.8) 4.17 (2.80–5.53) 2010 59 (2.9) 6.83 (5.08–8.57) 1.64 (1.08–2.48)
−8 2,125 49 (2.3) 5.33 (3.84–6.83) 2,125 64 (3.0) 6.97 (5.26–8.67) 1.31 (0.90–1.89)
−7 2,270 63 (2.8) 6.39 (4.81–7.97) 2,270 87 (3.8) 8.83 (6.97–10.68) 1.38 (0.99–1.91)
−6 2,384 69 (2.9) 6.65 (5.08–8.21) 2,384 86 (3.6) 8.28 (6.53–10.04) 1.25 (0.91–1.71)
−5 2,501 95 (3.8) 8.72 (6.97–10.48) 2,501 117 (4.7) 10.74 (8.80–12.69) 1.23 (0.94–1.61)
−4 2,586 86 (3.3) 7.61 (6.00–9.21) 2,586 146 (5.6) 12.91 (10.82–15.01) 1.70 (1.30–2.22)
−3 2,650 110 (4.2) 9.46 (7.69–11.22) 2,650 156 (5.9) 13.41 (11.30–15.51) 1.42 (1.11–1.81)
−2 2,685 144 (5.4) 12.18 (10.19–14.17) 2,685 233 (8.7) 19.70 (17.17–22.23) 1.62 (1.31–1.99)
−1 2,704 150 (5.5) 12.57 (10.55–14.58) 2,704 265 (9.8) 22.20 (19.53–24.87) 1.77 (1.45–2.16)
0 (diagnosis
year)

2,707 175 (6.5) 14.61 (12.44–16.77) 2,707 653 (24.1) 54.51 (50.33–58.69) 3.73 (3.16–4.41)

1 2,589 176 (6.8) 15.21 (12.96–17.46) 2,194 281 (12.8) 29.25 (25.83–32.68) 1.92 (1.59–2.32)
2 2,315 140 (6.0) 13.52 (11.28–15.76) 1849 172 (9.3) 21.23 (18.05–24.40) 1.57 (1.26–1.96)
3 2037 121 (5.9) 13.22 (10.86–15.58) 1,559 123 (7.9) 18.05 (14.85–21.24) 1.36 (1.06–1.76)
4 1774 88 (5.0) 11.17 (8.83–13.50) 1,342 93 (6.9) 15.67 (12.49–18.86) 1.40 (1.05–1.88)
5 1,611 59 (3.7) 8.30 (6.18–10.42) 1,179 58 (4.9) 11.04 (8.20–13.88) 1.33 (0.92–1.91)
6 1,483 45 (3.0) 6.93 (4.90–8.95) 1,044 46 (4.4) 9.79 (6.96–12.62) 1.41 (0.94–2.13)
7 1,380 28 (2.0) 4.63 (2.92–6.35) 944 14 (1.5) 3.28 (1.56–4.99) 0.71 (0.37–1.34)
8 1,311 21 (1.6) 3.66 (2.09–5.23) 875 13 (1.5) 3.27 (1.49–5.05) 0.89 (0.45–1.79)
9 1,249 13 (1.0) 2.42 (1.10–3.74) 833 9 (1.1) 2.34 (0.81–3.87) 0.97 (0.41–2.26)
10 1,221 12 (1.0) 2.28 (0.99–3.56) 796 6 (0.8) 1.63 (0.33–2.93) 0.72 (0.29–1.91)

dementia-free controls (IRs around 1.63–11.04 per 1,000
person-years).

Overall, compared with dementia-free individuals, the
incidence of injurious falls among those with dementia
started to increase beginning 4 years pre-diagnosis (IRR
1.70, 95% CI 1.30–2.22), reaching a peak in the year of
dementia diagnosis (IRR 3.73, 95% CI 3.16–4.41) and
declining rapidly 4 years after dementia diagnosis (IRR 1.40,
95% CI 1.05–1.88).

Fall-related factors

The secondary analysis included 2,704 participants with
dementia who had information on falls both pre- and
post-diagnosis. In multi-adjusted GEE models, older age
(OR, 1.04; 95% CI, 1.03–1.05), female sex (OR, 1.79;
95% CI, 1.53–2.10), heavy drinking (OR, 1.94; 95% CI,
1.46–2.58) and a history of CMDs (OR, 1.23; 95% CI,
1.06–1.42) were associated with significantly increased odds
of injurious falls among people with dementia during the
pre-diagnostic period (Table 3). During the post-diagnostic
period, being physically active (OR, 1.20; 95% CI, 1.01–
1.42) and having a history of CMDs (OR, 1.24; 95% CI,
1.04–1.48) were associated with a significantly increased
odds of injurious falls.

Discussion

In this large population-based study of older adults, we
found that people diagnosed with dementia had an increased

incidence of injurious falls relative to dementia-free individ-
uals starting 4 years pre-diagnosis, peaking at the year of
diagnosis and decreasing rapidly during the 4 years post-
diagnosis. Risk factors associated with injurious falls among
people with dementia were older age, female sex, heavy
drinking and a history of CMDs during the pre-diagnostic
period, and physically active and a history of CMDs during
the post-diagnostic period.

The impact of falls on dementia has been extensively
investigated, and it is widely agreed that persons with demen-
tia have a higher risk of falls [28, 29]. As for the impact of falls
on cognitive health, recent studies have associated a history
of multiple falls with faster cognitive decline [8, 30], but
not with a greater risk of incident dementia [30]. Separately,
a few cohort studies have suggested that falls could be a
potential behavioural marker of preclinical ad [6, 7]. A cross-
sectional study showed that falls were associated with smaller
hippocampal volume, a biomarker of neurodegeneration
usually seen in the preclinical stage of ad [31]. Overall,
previous evidence has indicated that falls and dementia are
interrelated. Our study extends previous observations by
exploring the time window of the incidence of injurious
falls across the timeline of dementia development and found
that the injurious falls rate increased beginning 4 years pre-
diagnosis and declined during the 4 years post-diagnosis. To
our knowledge, this is the first study to comprehensively
examine the incidence of injurious falls before, during and
after the diagnosis of dementia and identify the time window
in which the incidence of injurious falls starts to rise.
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Figure 2. Age- and sex-standardized IRs per 1,000 person-years and 95% CIs of injurious falls by dementia status.

The World Health Organization (WHO) has identified
four categories of risk factors for falls in older age: biological
(e.g. age and sex), behavioural (e.g. excess alcohol intake),
environmental (e.g. slippery floors and stairs) and socioeco-
nomic factors (e.g. low income and education levels) [1].
In addition, individuals with dementia experience a range
of biological (e.g. decline of cognitive), behavioural (e.g.
the intake of multiple medications) [32] and socioeconomic
changes (e.g. a more sedentary lifestyle, impaired gait and
reduced social interactions) [33] that may cause them to
have different fall-related risk factors than the dementia-free
population. However, most studies on risk factors for falls
were conducted in the cognitively intact population [13, 17]
or only among people with dementia or ad during their
post-diagnostic period [18, 19]. No studies have specifically
compared the risk factors for injurious falls among those
with dementia before and after their dementia diagnosis.
Consistent with other studies [34, 35], we found that older
age, female sex and heavy drinking were associated with
injurious falls before dementia diagnosis. We also found
that being physically active was related to increased odds
of injurious falls after a dementia diagnosis. This could be
explained by progressive physical function decline among
those with dementia [36–38]. This finding highlights the
need for fall prevention among people with dementia doing
physical activities. A history of CMDs was also associated
with increased odds of injurious falls both pre- and post-
diagnosis. This may reflect a worsening of overall health
condition among people with CMDs [39]. Medication side
effects (including blurred vision and hypotension) [40], as
well as hypoglycemia-induced attention deficit and slowed
psychomotor speed (for T2DM) [41], can cause falls.

The mechanisms underlying the occurrence of injuri-
ous falls are multifactorial. First, declines in motor and
sensory function precede cognitive impairment [42, 43].

Thus, participants before dementia diagnosis may already
have impaired gait and balance, leading to a greater risk
of falls [7, 44]. As dementia progresses, the frequency of
falls increases, which may further bring about a diagnosis
of dementia. Falls can be a sign of an underlying health
disorder, especially in the older population [45]. For older
adults who fall frequently, they are more likely to receive
comprehensive assessment and medical care in an inpatient
or outpatient setting, in which case they are more likely
to be found to have dementia. Moreover, some dysfunc-
tions associated with dementia—including visual impair-
ment, attention-related cognitive deficits and gait/motor
disorders—could contribute to reduced muscle strength,
decreased physical fitness and poor postural control, thereby
increasing the incidence of falls [9, 46]. Second, individuals
with dementia are commonly suffered from additional dis-
eases (such as diabetes and postural hypotension) [47, 48]
and may prescribe multiple medications that impair balance
and coordination (such as antidepressants, antipsychotics
and sedatives) [32, 49], making them more vulnerable to
falls. Third, the progression of white matter changes [50]
and subcortical infarcts [51] may disrupt the integrity of
neural networks including long-descending motor fibres and
frontal–subcortical circuits that control motor and cognitive
function, leading to falls [52]. Finally, the decrease in fall
incidence after dementia diagnosis might be partially driven
by an increase in hospitalization and death among people
with dementia [53, 54]. Moreover, people diagnosed with
dementia often receive a variety of health care and home care
services, such as personal care, house cleaning, laundry and
accompanying walks, which may be beneficial in reducing
the incidence of falls [55, 56].

A major strength of this study is the availability of longi-
tudinal registry data on injurious falls and the relatively long
follow-up period, which allowed us to compare the incidence
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Table 3. ORs and 95% CIs of fall-related factors in people with dementia during pre- and post-diagnostic periods
(N = 2,704)

Characteristics Pre-diagnostic perioda Post-diagnostic periodb

No. of subjects No. of falls OR (95% CI)c No. of subjects No. of falls OR (95% CI)c

. . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . . .
Age at diagnosis of dementia

≤75 500 126 Reference 500 137 Reference
>75 ∼ ≤80 539 134 1.05 (0.82–1.35) 539 134 0.98 (0.77–1.27)
>80 ∼ ≤85 709 216 1.31 (1.04–1.65) 709 173 1.08 (0.85–1.37)
>85 ∼ ≤ 90 639 234 1.62 (1.29–2.03) 639 141 1.23 (0.96–1.59)
>90 317 151 2.16 (1.69–2.77) 317 47 1.07 (0.75–1.51)

Sex
Men 1,111 281 Reference 1,111 207 Reference
Women 1,593 580 1.78 (1.53–2.09) 1,593 425 1.16 (0.97–1.40)

Education
<8 years 1,557 492 Reference 1,557 357 Reference
≥8 years 1,147 369 1.07 (0.93–1.22) 1,147 275 0.95 (0.81–1.13)

Marry
Married/cohabited 1,685 508 Reference 1,685 393 Reference
Single 1,019 353 1.04 (0.90–1.20) 1,019 239 1.18 (0.99–1.40)

Smoking
No 1,627 525 Reference 1,627 397 Reference
Yes 1,077 336 1.11 (0.96–1.29) 1,077 235 0.93 (0.78–1.11)

Drinking
No 2,583 812 Reference 2,583 611 Reference
Yes 121 49 1.88 (1.41–2.50) 121 21 0.82 (0.52–1.31)

Physical activity
Non-active 1,155 380 Reference 1,155 244 Reference
Active 1,549 481 0.92 (0.80–1.05) 1,549 388 1.21 (1.02–1.43)

BMI, (kg/m2)
<20.0 (Underweight) 144 48 1.12 (0.84–1.49) 144 29 0.95 (0.63–1.42)
20.0-24.9 (Normal weight) 1,299 420 Reference 1,299 309 Reference
25.0-29.9 (Overweight) 1,048 332 0.95 (0.82–1.10) 1,048 249 1.00 (0.84–1.20)
≥30 (Obese) 213 61 0.99 (0.76–1.28) 213 45 0.85 (0.61–1.18)

Hypertension
No 2,480 781 Reference 1,661 388 Reference
Yes 224 80 1.04 (0.83–1.31) 1,043 244 0.96 (0.80–1.14)

CMD
No 1975 603 Reference 1,113 280 Reference
Yes 729 258 1.24 (1.07–1.44) 1,591 352 1.24 (1.03–1.48)

aFall-related factors were collected at the year of −10 of dementia diagnosis. bAge, hypertension and CMD were collected 1 year after the diagnosis of dementia.
In addition to these, other characteristics were collected before year −10 of dementia diagnosis. cModel adjusted for age, sex, education, marital status, smoking
status, alcohol consumption, physical activity, BMI, hypertension and CMD.

of injurious falls over the entire time course of dementia
diagnosis. However, some limitations should also be noted.
First, we lack detailed information on injurious falls before
1997, which may have led to an underestimation of the
injurious falls rate prior to this year. However, these miss-
ing records are more likely to be non-differential between
participants with and without dementia due to the birth-
year-matched case–control design. Second, dementia diag-
noses in our study came from medical records in the NPR,
which includes records of people seeking treatment in an
inpatient or outpatient setting. Therefore, some participants
with undiagnosed dementia may have been misclassified as
dementia-free, leading to a possible underestimation of the
difference in fall rates between the dementia and dementia-
free groups. Another point to note is that we used the earliest
date of dementia diagnosis recorded in the NPR as the age of
dementia onset. Some people may have had dementia well

before the date of diagnosis in the NPR, though the NPR
showed high validity for the diagnosis of dementia [57]. Still,
caution is required when generalizing our results to other
populations. Third, information on lifestyle-related factors
was collected only at baseline, making it difficult to capture
potential variations in these factors during the follow-up.
Finally, in the analysis of factors potentially related to falls,
some factors (such as cognitive function and social support)
could not be considered due to data unavailability.

In conclusion, our study provides evidence that older
adults with dementia have a higher incidence of injurious
falls than those without dementia beginning 4 years pre-
diagnosis and peaking during the year of diagnosis. Among
people with dementia, heavy drinking, physically active and
a history of CMDs may predict injurious falls. Our findings
suggest that injurious falls may be an early indicator of
dementia in the coming years and highlight the importance
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of a tailored preventive strategy against falls among people
with dementia at different stages of the diagnosis.

Supplementary data: Supplementary data mentioned in
the text are available to subscribers in Age and Aging online.
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this study are available from the corresponding author upon
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