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Characterizing the time of day and
year of falls in people with probable
Parkinson’s disease
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Deborah Finkel’

Temporal aspects of falls are not well characterized in people with Parkinson’s disease (PD), particularly
those later in life. The purpose of the current study is to characterize the timing (across day and

year) of falls in people with probable PD compared to non-PD peers. Swedish registries were used

to identify 441 people (mean age, 83.7 years, range =[59.0-100.0]) with one or more prospectively
registered falls over the course of approximately 2.5 years. Of these participants, 40 were prescribed
drugs of the class NO4 “Anti-Parkinson Drugs”. Of these 40, 30 were prescribed dopamine or dopamine
derivatives, suggesting presence of PD, and 10 were prescribed “other PD-related medications”.

Given the unclear nature of these 10 participants, they were excluded from all analyses. Chi-squared
tests and Generalized Estimating Equations were used to assess the time of day and year of falls in
people with probable PD (n=30) and non-PD (n=401) accounting for covariates (age, gender, number
of prescription medications). There was a statistically-significant effect of PD-group on fall time of

day (accounting for gender, age, & number of prescription medications), such that Swedish residents
with probable PD fell less often in the evening than the day (p=0.015, OR=0.61). Across the whole
sample, female participants fell less frequently at night than the day (p=0.032, OR=0.73). People

with probable PD fell more frequently in the spring months than other seasons (x2=32.1, p<0.001).
The finding that people with probable PD exhibit more falls during the day than night is consistent
with previous work and extends knowledge to show a similar result in older, more frail people with PD.
Characterizing the temporal nature of falls in people with PD can provide additional context to other
fall circumstances, thus improving our ability to treat and predict falls in this group.
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Falls are a common and devastating occurrence in people with PD (PwPD)"? and understanding the
circumstances of falls can facilitate their prediction and prevention. Previous studies have provided key insights
into circumstances regarding place and cause of falls in PwPD3° (for review, see’). For example, falls in PwPD
often occur indoors, result from intrinsic factors (i.e., related to underlying balance disorder)'**, and are more
frequent in the forward direction'®.

An aspect of fall characterization in PwPD that is less understood is the time of day or time of year that
falls occur. Identifying temporal aspects of falls can provide context to other fall circumstances. Three recent
studies have assessed the timing of falls in PwPD. First, Gazibara completed a retrospective analysis of adults
in Serbia with PD who fell in the previous 6 months®. Participants ranged from 22 to 83 years old, and falls
were more common in the day than night. This group then completed a 1-year prospective falls assessment in
120 adults with PD in Serbia (mean age=60.0) who denied having fallen in the previous 6 months. Again, falls
were more common in the daytime than the evening®, and 54% of fallers were recurrent fallers®. Finally, Castro
and colleagues tracked falls prospectively in 225 PwPD living in Brazil (mean age=70.7 years) for 1 year. One
hundred and eleven (49%) fell at least once, and 76% were classified as recurrent fallers. Consistent with previous
work, falls were more common in the daytime than night.
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Together, these reports provide key information on circumstances of falls, and suggest daytime falling is
common in PwPD. However, they have some limitations, including: 1) moderate to short follow-up period
(=<1 year), relatively young cohorts (mean ages 60-70 years across studies), 3) lack of time of year reporting, and
4) no non-PD control groups. Analyses that address these gaps will provide additional information regarding the
context of falls in PwPD. Therefore, the current study’s purpose was to assess time of day and year of falls in older
people with probable PD relative to non-PD peers. In addition, we present characteristics of falls across probable
PD and control participants (count, recurrent vs. non-recurrent, and frequency of serious falls).

Methods

Participants

In Sweden, there are prospectively collected registers (Senior Alert, the Prescribed Drug Registry, the Social Care
Registry, the National Patient Registry, the Cause of Death Registry, and others), providing a variety of population-
based health outcomes. The goal of the current study was to utilize these registries to better understand falls in
people with and without probable PD. Therefore, we consolidated data from 1) the Prescribed Drug Registry (to
identify medication use, including medications indicating probable PD), 2) the national quality register called
Senior Alert!? (see also: https://www.senioralert.se/) which, from 2015-2017, tracked falls'!, and 3) the Cause
of Death Registry (to identify people who passed away over the 2015-2017 window). To link data across these
registers, a Swedish twin population (Screening Across the Lifespan of Twins; SALT'?) was used.

Ethics approval and consent to participate: Ethical approval for the research project was provided by the
Swedish Ethical Review Authority in Linkoping, Sweden (dnr: 2014-2635-271; 2017-549-32; 2020-04345; prior
to 2020 known as the Regional Ethical Review Board; Linkoping) and followed the guidelines outlined in the
Helsinki declaration (World Medical Association, 2013). Informed consent was not obtained as the study was
based on pseudonymized data from a national quality registry. According to Swedish regulations, individual
consent is not required for registry-based research. However, the participants have given their informed consent
for their information to be collected by the Senior Alert register and used for quality improvement, research,
and healthcare development. No funding was used to support this work. Clinical trial number: not applicable.

The Senior Alert registry followed a total of 2903 unique participants from 2015 to 2017. These individuals
exhibited relatively high levels of frailty'*. Within the 2015-2017 window, falls were prospectively registered by
health care professionals in one of the following types of care setting: hospital, health care center, home health
care center, nursing home, dementia care home, short-term nursing home, or support and service specifically for
persons with diminished functioning (regulated by Act 1993:387)!!. With each fall registration, date and time
of day of the fall (categorized as morning- 6:00-9:00, forenoon- 9:00-12:00, afternoon- 12:00-18:00, evening-
18:00-22:00, and night- 22:00-6:00) was recorded. This 5-bin time of day was used for our initial analyses. In
addition, and to facilitate comparisons with previous work, we also dichotomized falls into “day” (morning,
forenoon, afternoon) and “night” (evening and night). The registry also documented whether a ‘consequence’
occurred as a result of the fall. This included any of the following: concussion, death, head injury, other injury,
prolonged hospital or external care, soft tissue injury, vertebral damage, wounding, or fracture of any of the
following: arm, foot, leg, hip or thigh. For the current analysis, a fall with any recorded consequence was flagged
as a “consequential fall”.

Of the above 2903 individuals in the Senior Alert registry, 441 people had at least 1 registered fall. We chose to
focus our analysis specifically on this sub-cohort, as they represented a group with confirmed falls tracking. We
then searched the Prescribed Drug Registry to pull all medications prescribed to this group. Of these individuals,
40 were prescribed drugs of the class N04 “Anti-Parkinson Drugs” according to the World Health Organization
(WHO) Anatomical Therapeutic Chemical (ATC) classification system (https://atcddd.thi.no/atc_ddd_index/).
Of these individuals, 30 were prescribed N04BA “Dopa and dopa derivatives”. The remaining 10 were prescribed
“other PD-related medications” but not Dopa and dopa derivatives. Prescription of drugs in the N04BA class is
highly suggestive of the presence of Parkinson’s disease. In contrast, monotherapy other PD-related medications
such as dopamine antagonists (e.g., N04BC) may indicate restless legs syndrome. As such, to take the most
conservative approach, the 30 individuals prescribed N0O4BA were included in the “probable PD” group. The
“non-PD group” consisted of people participants not taking any “Anti-Parkinson Drugs” (class N04; n=401).
Therefore, the 10 individuals that were prescribed PD meds in the class N04B other than dopamine or dopamine
derivatives were excluded from both groups.

Notably, co-morbidities were not able to be identified, limiting our ability to fully characterize probable PD
and control groups. However, the total number of prescription medications was available. This outcome tracks
closely with overall health and likelihood of falls'* and, as noted below, was included in statistical models to
account for possible differences in overall health across groups.

Measures

In addition to falls, the following outcomes were used in analyses: Observation period was the timeframe that
falls were tracked. Although falls were tracked over a 3 year period, of the 431 individuals included in the study
165 died over that period, reducing the mean follow-up time to<3 years in each group. Age was identified at
the start of the observation period. Fall counts were the number of registered falls over the observation period.
Recurrent faller status was defined as > 1 falls over the observation period. “Number of medications” was defined
as the number of unique medications prescribed over the observation period.

Analyses

Fall rates: Group characteristics, including the counts of falls and consequential falls across probable PD and
non-PD groups were compared via parametric and non-parametric statistical tests. Then, the effects of group on
frequency of falls, recurrent fall status, and likelihood of consequential falls, accounting for covariates (gender,
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Level | Overall Control Probable PD P
N 431 401 30

Male 162 (37.7) 146 (36.5) 16 (53.3) 0.101
Gender (Count (%))

Female | 268 (62.3) 254 (63.5) 14 (46.7)
Fall count (median [IQR])* 2.00 [1.00, 4.50] | 2.00 [1.00, 4.00] | 2.50 [1.25, 5.50] | 0.289
Consequential fall count (median [IQR])* 1.00 [0.00, 1.00] | 1.00 [0.00, 1.00] | 1.00 [0.00, 2.00] | 0.492

No 1a58 (36.7) 150 (37.4) 8 (26.7) 0.327
Recurrent faller status

Yes 273 (63.3) 251 (62.6) 22(73.3)
Number of medications (mean (SD)) 16.50 (6.85) 16.46 (6.92) 16.97 (6.03) 0.699
Age (mean (SD)) 83.77 (7.86) 84.03 (7.85) 80.29 (7.34) 0.012
Observation period (mean (SD)) 2.51(0.79) 2.52(0.78) 2.46 (0.89) 0.682

Table 1. Participant characteristics and fall counts. *non-parametric test.

Control | Probable PD | p
N (total falls) 1644 154
N (consequential falls (%)) 433 (26.3) | 38 (24.7) 0.724
Falls in Female Participants (%) | 954 (58.0) | 82 (53.2) 0.288

Table 2. Fall counts within the 401 control and 30 probable PD participants.

age, and number of prescription medications) were investigated. Specifically, linear and logistic Generalized
Estimating Equation (GEE) models were used, considering the dependence of longitudinal data as a cluster to
correct confidence intervals. In our case, the individuals were the cluster. No missing data were observed.

Timing of falls: Time of day (TOD) & time of year across groups were first assessed via contingency tables
and chi-square tests across groups. To further analyze differences in TOD, accounting for covariates, data were
dichotomized into Day (morning, forenoon, or afternoon) and Night (evening or night). Then, a logistic GEE
model was used to assess the impact of PD on TOD, accounting for age, gender, and number of medications.
When covariates were observed to relate to TOD, additional contingency tables were created.

Results

Participant characteristics, including fall frequencies are described across groups, and are shown in Table 1.
Average age across groups was 83.7 years (range=[59.0-100.0]). Those with probable PD were significantly
younger than controls (p=0.012), but gender and number of medications prescribed were similar across groups
(ps>0.1). The total number of recorded falls with and without consequence across PD and gender are shown in
Table 2.

As shown in Tables 1 and 2, the number of falls (all falls and falls with consequence) and the rates of recurrent
faller status were not different across groups (p’s>0.28). GEE models further assessed the relationship between
group and fall counts and recurrent status, accounting for age and number of medications. Regarding fall counts,
PD group did not predict falls (p=0.32). However, age and gender significantly predicted fall counts (p=0.026
and p=0.025, respectively), such that older adults and women fell more than younger or male counterparts. No
variables were significant predictors of recurrent fall status (p’s>0.118). Finally, the likelihood that falls resulted
in a consequence was also not predicted by PD group or covariates (age, gender, or number of medications,
p’s>0.14). Full model outputs for number of falls, recurrent faller status, and consequential falls are shown in
supplemental Tables 1, 2 and 3 respectively.

Next, we assessed the effect of probable PD on fall time of day. First, contingency tables showed a statistically
significant effect of both PD group (,2=16.9, p=0.002) and, to a lesser extent, gender (,*=3.86, p=0.049), on fall
time of day, using the 5 categorizations (morning, forenoon, afternoon, evening, night). Specifically, those in the
probable PD group were more likely to fall in the forenoon and afternoon and less likely to fall at night. Females
were more likely to fall in the morning and forenoon, and less likely to fall in the evening and night (Fig. 1).

To further assess whether probable PD predicted fall TOD, accounting for gender, age, and medication,
dichotomized fall TOD (day and night) data were used. Chi-squared analyses confirmed that dichotomized
fall time of day was impacted by PD group and gender separately (,2=8.8, p=0.003, and ,2=5.3, p=0.021,
respectively, Supplemental Fig. 1). Then, a GEE model showed that probable PD group and gender (but not age
or number of medications) were statistically significant predictors of dichotomized fall time of day. Specifically,
people with probable PD were less likely to fall at night compared to day (p=0.015, OR=0.61). Similarly, female
participants tended to fall less frequently at night than the day (p=0.032, OR=0.73; Fig. 2). Full GEE model
outputs are reported in Supplemental Table 4.

Finally, a chi-square test assessed time of year of falls across PD groups. People with probable PD had
disproportionately more falls in the spring than other seasons, while those without PD had consistent falls
throughout the year (,2=32.1, p<0.001; Fig. 3). A follow-up contingency table for each month throughout the
year showed similar results and is included in Supplemental Table 5.
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Fig. 1. Fall time of day across those with and without probable PD (left) and gender (right). Chi-square tests
indicate statistically significant effects of both PD and gender on frequency of falls throughout the day. Of note,
morning, forenoon, and evening are 3 h windows, afternoon is a 6 h window, and night is an 8 h window.
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Fig. 2. Dichotomized fall time of day (night- 18:00-6:00; day- 6:00-18:00), plotted across probable PD group
and gender. Analyses suggest that people with Probable PD and females were more likely to experience a fall
during the day than at night.
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Discussion

Identifying the circumstances surrounding falls can be helpful to understand how and why falls occur. The
current data suggest that over an approximately 2.5 year, prospective assessment of Swedish older adults who
have fallen, people with probable PD fall more frequently during the daytime (and particularly during midday)
than non-PD peers. Further, people with probable PD fell more frequently in the spring than other seasons,
while season had little effect on falls of non-PD peers. This work is consistent with current literature, extending
knowledge by 1) assessing an older (mean age, 83.7 years) population of fall-prone adults, 2) incorporating a
relatively long follow-up period, 3) directly comparing the PD cohort to a large sample of people unlikely to
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Fig. 3. Percentage of falls in control and probable PD participants across seasons.

have PD, and 4) showing that, in Sweden, PwPD may be more likely to fall in the spring than other seasons
. Characterizing the timing (across the day and year) of falls in PwPD can assist with our understanding of
why falls occur in these populations and could have clinical implications for prevention and care planning.
For example, identification of time of day (or year) when falls are most common can facilitate times when
individuals may need more assistance for safe and effective mobility.

We observed that individuals who were prescribed PD medications to fell more frequently during the daytime
than the evening. In particular, PD participants fell more frequently in the afternoon which is consistent with
both retrospective® and prospective® assessments of fall circumstances in PwPD. We extend this work in several
ways. First, confirmation of previous findings in a relatively long follow-up period (mean 2.5 years) in a Swedish
cohort underscores the robust nature of the finding. Further, we demonstrate the increased prevalence of
daytime falls in those with probable PD was significantly larger than in non-PD peers. This is despite controls not
falling more frequently and having been prescribed a similar number of medications (suggesting similar overall
health!®). Finally, previous reports focused on PwPD who were younger (mean ages of 60° and 70*) with low to
moderate fall risk. The current cohort were 80 (PD) and 84 (non-PD) years old and all participants had at least
one registered fall. Extending previous results to older, more frail individuals is important to better understand
causes of falls throughout the disease course. The rationale for the increased day-time fall-risk in people with
PD is unclear. However it is possible that this relationship is due to an interaction between medication use, poor
balance, and activity level. Fall risk increases with activity level'S, and there is typically more activity during the
day than nighttime. Further, PWPD often increase activity during ON medication times!’, and PD medication
can, in some patients, result in dyskinesias, increasing fall risk'®. As such, the increased daytime activity and
dyskinesias that can occur via PD medications could have contributed to daytime fall risk. Interestingly, we
also observed a smaller proportion of falls in PD in the evening compared to adults. This finding is somewhat
counterintuitive given the increase in OFF medication at night, difficulty with urinary frequency. Although
the rationale for this finding is not fully understood, activity level may, again influence the relationship, such
that PWPD may be moving less in the evening than their control counterparts, thus ultimately reducing the
likelihood of falls, However, this hypothesis is speculative, and requires additional, specific testing. In particular,
assessment of physical activity across groups and time would assist in removing the confound of activity to better
understand other fall-risk behaviors.

We observed people unlikely to have PD to exhibit similar fall frequently across day and night, , . This is
partially inconsistent with previous work, which suggests falls are more frequent during the day in this group**?°.
This may be due to the age of participants, as the typical age of those studies previously was 60-80, while the
mean age in the current cohort was 84. Indeed, increased age is related to elevated time spent indoors?!, and
indoor falls are associated with more night-time falls*®. We also observed a subtle but statistically significant
effect of gender on fall time of day, such that females fell more during the day than males. Previous work has not
reported a statistically significant effect of gender on fall time of day, although Aoyagi and colleagues did observe
a small, non-significant increase in the same direction as the current results'’. Previous reports are indirectly
conflicting with this finding, as they indicate that males more frequently fall outside, and outside falls are more
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common during the day *. However as noted above, the age of participants may have impacted these findings, as
the current, older cohort likely spent less time outside regardless of gender??.

Older adults with probable PD living in Sweden exhibited a distinct increase in falls during the spring,
while non-PD peers had similar fall rates throughout the year. To our knowledge, fall rates across the year have
not been previously reported in PwPD, and the rationale for these findings are unknown. Previous work has
suggested that PD symptoms (such as the UPDRS part III), mobility, and quality of life were all worse in the
spring compared to other seasons?. It is possible that season-specific worsening of PD symptoms, paired with
the increased activity typical of springtime more generally could have resulted in increased falls in the PD group
compared to non-PD controls, who may have had less season-specific risk. However, additional work will be
necessary to confirm or contradict this relationship and proposed rationale.

Finally, it was observed that the current cohort of probable PD did not fall more frequently than non-PD
peers. Further, while a larger percentage of PD were recurrent fallers than controls (73% vs. 63%, respectively),
this difference was not significant. Previous work suggests that while retrospective fall history can be similar
in PD and control populations, prospective fall counts and the number of recurrent fallers are typically higher
in PWPD!. The lack of influence of PD on number of falls and frequency of recurrent fallers in the current
study may be related to the characteristics of the control cohort. First, all participants (both PD and controls)
included in the study had at least 1 registered fall, resulting in a group with higher fall-risk than the typical older
adult population. Further, the control subjects were, on average, 4 years older than the PD group and as noted
above, both groups were older than previously reported cohorts. Finally, although specific co-morbidities were
not captured, the total number of unique medications prescribed over the approximately 2.5-year observation
period was high (16 on average), and similar across groups. This metric has been shown to track with overall
heath!®, and suggests that both groups were likely in declining health. This is consistent with previous work
indicating that the Senior Alert cohort, from which the current data are pulled, are relatively frail'®. These
possible explanations aside, the lack of difference in fall frequency across groups may indicate that this sample
of PD participants is not representative of PwPD within Sweden or elsewhere. As such, previously reported PD-
control comparisons should be treated with caution.

Several strengths and limitations of the current study should be mentioned. Regarding strengths, the
current analysis utilized a relatively long (~ 2.5 year), prospective dataset, with 431 older adults included in the
analysis. Over this period, 1798 falls were reported. Further, the individuals included were relatively old (mean
age=_83.7 years), and all individuals had experienced at least 1 fall over the observation period. This cohort is
important to study, as they are at particularly high fall risk. In addition, the sample was drawn from a nationally
representative cohort of Swedish older adults, not limited to a single city or region. Regarding limitations, our
sample contained a relatively small number of probable PD participants. Further, we were not able to contact
these individuals to confirm their PD diagnosis. Although somewhat offset by the long, prospective follow-
up period (154 falls were registered in the PD cohort alone), and stringent PD categorization (only people
taking dopamine or dopamine derivatives were included in the probable PD group), this remains an important
weakness. Second, falls were registered by healthcare staff rather than patients or caregivers. Therefore, falls
may have been under-estimated. However, self-reporting of falls (even prospective) can be problematic and falls
are often underreported, and external fall-reporting carries some benefits. In particular, falls were registered
by healthcare staft at multiple types of healthcare facilities (i.e., not just hospitals), increasing the scope of the
database. Although the reporting accuracy across these facilities may vary'!, it provides many venues in which
falls could be identified. Third, as noted above, our PD cohort did not fall more than older adults, perhaps
because the higher age of the control group. While all analyses included age as a co-variate, the lack of an impact
of PD on fall frequency suggests that this cohort may not be generalizable to other PD cohorts. Fourth, physical
activity levels were not able to be captured within or across days. Physical activity impacts fall frequency, and
should be collected and included in analytic models for future studies. Finally, co-morbidities were not available
to include as co-variates in the analysis. Number of medications (a surrogate to overall health), was however
included as a covariate, somewhat reducing the impact of this limitation.

Conclusion

We observed that among Swedish older adults who have fallen, people prescribed PD medications fell more
frequently during the day than night and during the spring than other seasons. This information can be used in
conjunction with other fall characterization work to better predict and prevent falls in this population .

Data availability
Data are from a Swedish registry. As such, subject level data cannot be made available. However, group-level data
will be shared via reasonable request via the corresponding author- Daniel Peterson.

Received: 26 June 2025; Accepted: 26 August 2025
Published online: 12 September 2025

References
1. Bloem, B. R. et al. Prospective assessment of falls in Parkinson’s disease. J. Neurol. 248(11), 950-958 (2001).
2. Bloem, B. R. et al. Falls and freezing of gait in Parkinson’s disease: A review of two interconnected, episodic phenomena. Mov.
Disord. 19(8), 871-884 (2004).
3. Ashburn, A. et al. The circumstances of falls among people with Parkinson’s disease and the use of Falls Diaries to facilitate
reporting. Disabil. Rehabil. 30(16), 1205-1212 (2008).
4. Castro, I. P. R. et al. Predictors of falls with injuries in people with Parkinson’s disease. Mov. Disord. Clin. Pract. 10(2), 258-268
(2023).

Scientific Reports |

(2025) 15:32508 | https://doi.org/10.1038/s41598-025-17752-1 nature portfolio


http://www.nature.com/scientificreports

www.nature.com/scientificreports/

5. Weaver, T. B. et al. Falls and Parkinson’s disease: Evidence from video recordings of actual fall events. . Am. Geriatr. Soc. 64(1),
96-101 (2016).
6. Gazibara, T. et al. Indoor and outdoor falls in persons with Parkinson’s disease after 1 year follow-up study: Differences and
consequences. Neurol. Sci. 37(4), 597-602 (2016).
7. Kuljeerung, O. & Lach, H. W. Extrinsic and behavioral fall risk factors in people with Parkinson’s disease: An integrative review.
Rehabil. Nurs. 46(1), 3-10 (2021).
8. Gazibara, T. et al. Circumstances of falls and fall-related injuries among patients with Parkinson’s disease in an outpatient setting.
Geriatr. Nurs. 35(5), 364-369 (2014).
9. Gazibara, T. et al. Recurrent falls in Parkinson’s disease after one year of follow-up: A nested case-control study. Arch. Gerontol.
Geriatr. 65, 17-24 (2016).
10. Edvinsson, J. et al. Senior alert: A quality registry to support a standardized, structured, and systematic preventive care process for
older adults. Qual. Manag. Health Care 24(2), 96-101 (2015).
11. Trinks, A. et al. The impact of a national quality register in the analysis of risks and adverse events among older adults in nursing
homes and hospital wards—a Swedish Senior Alert survey. Saf. Health 4(1), 10 (2018).
12. Lichtenstein, P. et al. The Swedish twin registry in the third millennium: an update. Twin Res. Hum. Genet. 9(6), 875-882 (2006).
13. Johansson, L. et al. Using aggregated data from Swedish national quality registries as tools to describe health conditions of older
adults with complex needs. Aging Clin. Exp. Res. 33(5), 1297-1306 (2021).
14. Mabher, R. L., Hanlon, J. & Hajjar, E. R. Clinical consequences of polypharmacy in elderly. Expert Opin. Drug Saf. 13(1), 57-65
(2014).
15. Algahtani, B. Number of medications and polypharmacy are associated with frailty in older adults: results from the Midlife in the
United States study. Front Public Health 11, 1148671 (2023).
16. Yuan, Y. et al. Association between physical activity and falls among older adults in rural China: are there gender and age related
differences?. BMC Public Health 22(1), 356 (2022).
17. Tto, H. et al. The relationships between three-axis accelerometer measures of physical activity and motor symptoms in patients with
Parkinson’s disease: a single-center pilot study. BMC Neurol 20(1), 340 (2020).
18. Curtze, C. etal. Levodopa Is a double-edged sword for balance and gait in people with parkinson’s disease. Mov Disord 30(10), 1361
(2015).
19. Aoyagi, K. et al. Falls among community-dwelling elderly in Japan. ] Bone Miner Res 13(9), 1468-1474 (1998).
20. Crenshaw, J. R. et al. The circumstances, orientations, and impact locations of falls in community-dwelling older women. Arch
Gerontol Geriatr 73, 240-247 (2017).
21. Centers for Disease Control and Prevention. Vital signs: Walking among adults-United States, 2005 and 2010. MM WR. Morb.
Mortal. Wkly. Rep. 61(31), 7 (2012).
22. Matz, C. J. et al. Effects of age, season, gender and urban-rural status on time-activity: CanadianHuman activity pattern survey 2
(CHAPS 2). Int. ]. Environ. Res. Public Health 11(2), 2108-2124 (2014).
23. Wu, L. et al. Quality of life: Seasonal fluctuation in parkinson’s disease. Front Neurol 13, 1035721 (2022).
24. Abizanda, P. et al. Validation of a self-implemented Walkway system for gait speed measurement in usual clinical care. Health
Policy Tech. 9(1), 102-108 (2020).
Acknowledgements

The authors have no funding to acknowledge regarding this manuscript.

Author contributions

DP was lead on data preparation, analyses, figure creation, and writing the first draft of the manuscript. JL, BW,
and DF assisted with conceptualization of the project, data availability, and editing the manuscript. TLDO assist-
ed with statistical analyses and editing the manuscript.

Funding
Open access funding provided by Jonkoping University. This study was partially funded by NIH
1R01AG086533-01.

Declarations

Competing interests
The authors declare no competing interests.

Ethical approval
Data collection was overseen by the Swedish Ethical Review Authority in Linkoping, Sweden (see text for
details.

Additional information
Supplementary Information The online version contains supplementary material available at https://doi.org/1
0.1038/s41598-025-17752-1.

Correspondence and requests for materials should be addressed to D.S.P.

Reprints and permissions information is available at www.nature.com/reprints.

Publisher’s note Springer Nature remains neutral with regard to jurisdictional claims in published maps and
institutional affiliations.

Scientific Reports |

(2025) 15:32508 | https://doi.org/10.1038/s41598-025-17752-1 nature portfolio


https://doi.org/10.1038/s41598-025-17752-1
https://doi.org/10.1038/s41598-025-17752-1
http://www.nature.com/scientificreports

www.nature.com/scientificreports/

Open Access This article is licensed under a Creative Commons Attribution 4.0 International License, which
permits use, sharing, adaptation, distribution and reproduction in any medium or format, as long as you give
appropriate credit to the original author(s) and the source, provide a link to the Creative Commons licence, and
indicate if changes were made. The images or other third party material in this article are included in the article’s
Creative Commons licence, unless indicated otherwise in a credit line to the material. If material is not included
in the article’s Creative Commons licence and your intended use is not permitted by statutory regulation or
exceeds the permitted use, you will need to obtain permission directly from the copyright holder. To view a copy
of this licence, visit http://creativecommons.org/licenses/by/4.0/.

© The Author(s) 2025

Scientific Reports|  (2025) 15:32508 | https://doi.org/10.1038/s41598-025-17752-1 nature portfolio


http://creativecommons.org/licenses/by/4.0/
http://www.nature.com/scientificreports

	﻿Characterizing the time of day and year of falls in people with probable Parkinson’s disease
	﻿Methods
	﻿Participants
	﻿Measures
	﻿Analyses

	﻿Results
	﻿Discussion
	﻿Conclusion
	﻿References


