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who fell in the past year is 1.6, and 72.5% of those who fell 
in the past year received hospital treatment after falling 
[1]. Injurious falls can cause hip fractures [2, 3] and trau-
matic brain injury [4], as well as increase the possibility of 
death in people over the age of 80 years [5].

The timed up and go (TUG) test is used to assess 
physical function and predict falls by testing the move-
ment and balance of older adults [6]. The advantages of 
the test include the fact that it does not require special 
equipment, facilities, or space; the existence of extensive 
evidence on the relationship between TUG test results 
and falls; and its reliability [7, 8]. Regarding the relation-
ship between the TUG test and falls, while many studies 

Introduction
Falls are the leading cause of injury-related morbidity 
and mortality among older adults. Regarding the figures 
on falls in this cohort, defined as those aged 65 years and 
over, in South Korea, the fall experience rate is 7.2%, the 
average number of falls per person among older adults 
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Abstract
Background  This study aimed to determine whether sex-specific timed up and go (TUG) test results are associated 
with injurious fall occurrence in older adults and to identify risk factors for injurious falls based on TUG test results.

Methods  Data were obtained from an older adult cohort database provided by the National Health Insurance 
Service, which included 34,030 individuals aged 66 years or older who underwent life-transition health examinations 
in 2007 and 2008 and were followed up until 2019. To identify the risk factors for injurious falls, this study performed 
a Cox proportional hazard regression analysis by sex, with individual characteristics, including TUG test results, as 
independent variables.

Results  The TUG test was associated with injurious falls occurrence in older adult men, but not in older adult women. 
Among men with abnormal TUG results, those with abnormal systolic blood pressure had a greater risk of injurious 
falls. In women, dysuria, hearing impairment, underweight, abnormal systolic blood pressure, diabetes, depressive 
mood, and low bone mineral density (osteopenia and osteoporosis) were identified as risk factors for injurious falls, 
regardless of the TUG test results. Risk factors for injurious falls after the TUG test differed by sex.

Conclusions  The TUG test is useful for detecting injurious falls in older adult men. This study identified important risk 
factors for injurious falls in older adult women that can be targeted in prevention strategies.
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have conducted investigations using self-reported fall 
data [9–11], fewer have focused on data on injurious falls 
obtained from medical records [12].

Since 2007, the TUG test has been included as standard 
for South Korean older adults aged 66 years and above 
undergoing a life cycle test. All South Korean citizens 
are covered by the national health insurance scheme, 
and the database of health examinations and treatments 
is secured and managed by the National Health Insur-
ance Corporation [13]. Given these findings, confirming 
the existence of a relationship between the TUG test and 
injurious falls in South Korean older adults could serve as 
a basis for providing various interventions for individuals 
with poor TUG results to prevent injurious falls [12].

Research has shown that there are sex differences in 
the risk factors for falls [14] and the frequency of inju-
rious falls [15] among older adults. One reason for this 
is sex differences in age-related changes in physical func-
tion [16]. Although aging leads to a decline in physi-
cal function in both men and women, a previous study 
revealed an association of lower extremity function with 
muscle quality and physical activity in men and an asso-
ciation of lower extremity function with muscle quality 
and body fat in women [17]. The current study longitudi-
nally examined whether TUG test results are associated 
with injurious falls by sex, and the association between 

fall-related factors and injurious falls by physical function 
(as assessed through the TUG test) and sex.

Materials and methods
Study design, participants, and data sources
Study design
This is a retrospective cohort study using the National 
Health Insurance Service-senior (NHIS-senior) cohort 
dataset from South Korea [18].

Participants
The participants were older adults aged 66 years who 
underwent the National Screening Program for Tran-
sitional Ages (NSPTA), where the TUG test was con-
ducted, from 2007 to 2008. As mentioned in Sect.  1, 
when people reach the transition age of 66 years in South 
Korea, the TUG test is added to the examination items of 
the NSPTA [18]. The exclusion criteria were a diagnosis 
of injury-related falls as a primary or secondary diagnosis 
in 2007 or 2008, missing values in the healthcare utiliza-
tion database, emigration, death, and missing informa-
tion on the TUG test. According to these criteria, we 
were left with a total sample of 34,030 participants who 
were included in data collection and analysis processes, 
including their follow-up data up until 2019 (Fig. 1).

Fig. 1  Flowchart of sample selection procedure
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Observations began on the date they received the 
examination in the NSPTA and ended either on the 
date of the outcome event (i.e., injurious fall or all-cause 
death) for participants who experienced the event, or on 
31 December 2019 for participants who did not experi-
ence the event. We used survival analysis to compare the 
events between participants with normal and abnormal 
TUG test results.

Data sources
This study used NHIS-senior cohort (2002–2019) data, 
which were extracted through simple random sampling, 
to establish a representative dataset of 558,147 older 
adults. This dataset is developed and distributed by the 
Korean National Health Insurance Service (KNHIS) 
under the Ministry of Health and Welfare in South Korea. 
As a nationwide retrospective cohort that includes infor-
mation from older adults randomly sampled from the 
National Health Information Database (also known as 
NHID; this Database stores all healthcare and long-term 
care service records in South Korea), the NHIS-senior 
cohort dataset encompasses approximately 10% of peo-
ple aged 60 or older in the National Health Information 
Database in 2002, and whom were followed for 18 years 
(up until 2019) [19]. Participants were disqualified in the 
event of emigration or death. Exclusion criteria included 
a diagnosis of injury-related falls as a primary or second-
ary diagnosis in 2007 or 2008, or missing values in the 
medical utilization database. After excluding participants 
with missing information on the TUG test, a total sample 
of 34,030 participants and follow-up data through 2019 
were collected (Fig. 1).

The NHIS-senior cohort comprises five databases (i.e., 
eligibility, national health screening, healthcare utiliza-
tion, long-term care insurance, and healthcare provider 
databases), of which we utilized the eligibility, national 
health screening, and healthcare utilization databases. 
First, the eligibility database includes data on sex, age, 
region, and income level [19]. Second, the national health 
screening database includes data on clinical laboratory 
results, other health examinations (e.g., body mass index 
and blood pressure), results of questionnaire-based sur-
veys—which are conducted during health screenings—
on medical history and health behaviors (e.g., smoking 
and physical activity) [19], and NSPTA examination 
data (i.e., only conducted when older adults reach age 66 
years) according to year [18]. To suit the healthcare needs 
of those aged 66 years and over, the NSPTA adds, into 
their yearly routine screening examinations, items on 
topics such as depressive mood, cognitive impairment, 
and osteoporosis, along with the (aforementioned) TUG 
test [20].

Third, the healthcare utilization database includes all 
information regarding inpatient and outpatient medical 

services and prescription records, including medical care 
information related to injurious falls [19].

Ethical approval
To conduct this study, the researcher prepared a research 
plan and received approval from the Institutional Review 
Board of Gachon University (IRB No. 1044396-202203-
HR-073-01). To obtain access to the dataset, the research 
team applied to KNHIS for database access and analysis 
and attached the results of the research ethics review 
process to the application. When analyzing the data with 
permission from the KNHIS, personal identities were 
encrypted to ensure protection, and the requirement for 
informed consent was waived by the relevant authority. 
As detailed in subsection 2.1.2, the researcher collected 
the data for analysis by connecting the data from various 
databases, all of which were anonymized.

Variables
Injurious falls
Injurious falls were defined as falls that caused injuries 
requiring inpatient or outpatient treatment, as defined 
by the International Classification of Diseases and pre-
vious studies [14, 21]. In this study, hospital medical 
record claims data up to 2019 were reviewed, and injuri-
ous falls were defined as occurring when diagnosed using 
the codes W00, W01, W05–W10, and W17–W19 from 
the 10th revision of the International Classification of 
Diseases.

Lower extremity function
Lower extremity function was assessed using the TUG 
test, a reliable and valid test to quantify functional mobil-
ity in older adults and to assess fall risk in the commu-
nity setting. The TUG test data used in this study stems 
from tests that were conducted according to the recom-
mendations provided in the NSPTA manual [22], which 
recommends test performance on the day of the NSPTA 
physical examination. The TUG test is assessed by having 
the participant sit on a chair (i.e., a hospital examination 
chair without armrests), stand, walk three meters at a 
comfortable pace, return to the chair, and sit down again; 
the unit used for measurement is seconds. During the 
test, the participants wore regular shoes, and those who 
needed a walking aid used one. According to the criteria 
suggested by a previous study [23] and the NSPTA man-
ual [22], the participants were classified into two groups 
according to the test results, namely normal (≤ 10 s) and 
abnormal (> 10 s).

Covariates
Regarding covariates, we used the risk factors for falls 
proposed by Deandrea et al. [24]. Depressive symptoms 
were measured using three items (i.e., loss of activities/
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interests, feelings of worthlessness, and feelings of hope-
lessness) from the Geriatric Depression Scale [20], and a 
positive answer to any item was defined as a depressive 
mood—as suggested by the NSPTA manual [22].

The NSPTA screening also involved a six-item ques-
tionnaire, in Korean, on activities of daily living (ADLs; 
four items on bathing, dressing, eating, and toileting) 
and instrumental ADL (IADL; two items on preparing 
meals and going out to a distance that is walkable). For 
each item, the participant answered “yes” if one could do 
the activity independently, and “no” if one could not. Fol-
lowing the NSPTA manual, results for this questionnaire 
were divided into two groups [22], as follows: if any of the 
six items were “no”, they were coded in the ADL “poor” 
group; the rest were coded in the “good” group.

Visual impairment was assessed using visual acu-
ity testing. If both eyes scored between 0.1 and 2.0 in a 
visual acuity testing, it was categorized as “no”, but if 
either eye was blind, it was categorized as “yes”. Hearing 
loss was measured using a whisper test. Hearing impair-
ment is categorized as “yes” if the whisper test shows that 
either ear can correctly identify fewer than three of the 
six numbers called by the examiner and “no” otherwise.

Dysuria and six-month fall history were measured 
by asking “Do you have dysuria?” and “Have you fallen 
within the past six months?”, respectively. For each of 
these two items, each group was further categorized 
into two groups (yes or no). Body mass index (BMI) was 
calculated in kilograms per meter squared, and partici-
pants were categorized as underweight (less than 18.0), 
normal (18.0–22.9), or overweight (23 or greater) [22]. 
Participants were classified into two groups (normal or 
abnormal) for systolic blood pressure and diastolic blood 
pressure according to the reference values of 140 mmHg 
and 90 mmHg for systolic and diastolic blood pressure, 
respectively [22].

Anemia was defined as serum hemoglobin (< 10  g/dL 
for women, < 12  g/dL for men, ). Diabetes was defined 
as fasting serum glucose concentration ≥ 126 mg/dL, and 
dyslipidemia was defined as serum total cholesterol (TC) 
concentration ≥ 240 mg/dL [22].

Bone measurements were performed only in women 
aged 66 years and older [20] and involved any of the fol-
lowing methods: dual-energy X-ray absorptiometry (also 
known as DEXA), peripheral DEXA (also known as 
PDEXA), ultrasound, and computed tomography [20]. 
Bone mineral density (BMD) was defined according to 
the World Health Organization T score criteria using 
three groups (normal, ≥ -1.0; osteopenia, -2.4 to -1.1; 
osteoporosis, ≤ -2.5) [25].

Statistical analysis
Frequencies and percentages were calculated for all vari-
ables and compared by sex using the chi-square test. The 

Cox proportional hazards model was used to estimate 
hazard ratios (HRs), and a 95% confidence interval (CI) 
was used to find an association between TUG test results 
and injurious falls occurrence. The control variables were 
sex, six-month fall history, dysuria, visual impairment, 
hearing impairment, depressive mood, obesity, blood 
pressure, diabetes, dyslipidemia, anemia, ADL, and BMD 
(only for women). Using subgroup analysis and the same 
model, we identified the risk factors affecting injurious 
falls occurrence according to sex and TUG test results. 
All the statistical tests were two-tailed and performed 
using SAS software (version 9.4; SAS Institute Inc., Cary, 
NC, USA), with a 95% significance level.

Results
Participants’ baseline characteristics by sex
Of the 34,030 participants at baseline (2007 and 2008), 
15,759 (46.3%) were men. The percentages of individu-
als in the abnormal TUG result group were 15.3% among 
men and 21.1% among women, and the percentages of 
individuals with a six-month fall history were 8.8% and 
12.7%, respectively.

On average, men showed higher rates of dysuria 
(19.5%), visual impairment (1.7%), hearing impairment 
(8.7%), diabetes (12.9%), and poor ADL (8.4%) than 
women. Meanwhile, women showed higher rates of a 
more depressive mood (37.7%) and six-month fall history 
(12.7%) and were overweight (69.9%) than men.(Table 1)

Incidence of injurious falls by sex
In Table 2, among the 34,030 participants, the injurious 
fall incidence was 873 (2.6%) by the end of 2019. Both 
men and women were followed for a mean of 11.7 years 
(maximum: 12 years), and 258 (1.6%) men and 615 (3.4%) 
women had suffered injurious falls by the end of 2019. 
Among men in the normal TUG result group, injurious 
fall incidence per 1,000 persons per year was 1.3, and 
2.0 for those in the abnormal TUG result group. Among 
women in the normal TUG result group, injurious fall 
incidence per 1,000 persons per year was 2.8, and 3.0 for 
those in the abnormal TUG result group.

Association of TUG test results, subgroup characteristics, 
and injurious falls
Tables 3 and 4 present the results of the multivariate Cox 
regression model for injurious falls by sex. Regarding sex, 
men in the abnormal TUG result group had a signifi-
cantly greater risk of injurious falls than did those in the 
normal TUG result group (HR: 1.52, 95% CI: 1.13–2.04). 
In men, the six-month fall history was also associated 
with a significantly greater risk of injurious falls, even 
after adjusting for several potentially confounding vari-
ables (HR: 2.98, 95% CI: 2.17–4.10). For men in the nor-
mal TUG result group, the multivariate Cox proportional 
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hazards regression analysis revealed that the HRs of inju-
rious falls increased 4.17-fold for those with a six-month 
fall history (95% CI: 2.98–5.84). For men in the abnor-
mal TUG result group, abnormal systolic blood pressure 
(HR: 2.65, 95% CI: 1.50–4.68) and dyslipidemia (HR: 4.22, 
95% CI: 2.40–7.41) increased the HRs for injurious falls. 
In addition, there was a 4.42-fold increase in the HR for 
injurious falls in patients with poor ADL (vs. good ADL; 
95% CI: 2.51–7.79).

Table 4 presents the findings of the association of TUG 
test results with injurious falls in women. There was no 
significant association between TUG test results and 
injurious falls in women; however, dysuria (HR: 1.61, 
95% CI: 1.30–2.00), depressive mood (HR: 1.21, 95% CI: 

1.01–1.46), hearing impairment (HR: 0.56, 95% CI: 0.36–
0.87), obesity (underweight HR: 1.99, 95% CI: 1.18–3.34), 
abnormal systolic blood pressure (HR: 1.79, 95% CI: 
1.30–2.16), diabetes (HR: 1.68, 95% CI: 1.30–2.16), and 
BMD (osteopenia HR: 1.57, 95% CI: 1.12–2.20; osteo-
porosis HR: 1.87, 95% CI: 1.35–2.60) were significantly 
associated with injurious falls incidence.

Among women in the normal TUG result group, those 
with dysuria had 1.59 times greater risk of injurious falls 
(95% CI, 1.24–2.03), whereas the HR of those with hear-
ing impairment was 0.38 (95% CI, 0.20–0.70) and 0.80 for 
those with overweight (95% CI, 0.64–0.99). Underweight 
older adult women had a 2.44 times greater risk of injuri-
ous falls (95% CI, 1.44–4.12) than did those in the normal 

Table 1  Descriptive characteristics of the study participants at baseline (2007–2008)
Variables Sample (N = 34,030) Men (n = 15,759) Women (n = 18,271) Chi-square test p value

n(%) n(%) n(%)
TUG test result (abnormal) 6,273 (18.4) 2,416 (15.3) 3,857 (21.1) 187.9 < 0.001
Six-month fall history (yes) 3,716 (10.9) 1,395 (8.8) 2,321 (12.7) 129.0 < 0.001
Dysuria (yes) 6,076 (17.8) 3,077 (19.5) 2,999 (16.4) 55.8 < 0.001
Visual impairment (yes) 494 (1.5) 266 (1.7) 228 (1.3) 11.4 < 0.001
Hearing impairment (yes) 2,614 (7.7) 1,379 (8.7) 1,235 (6.8) 47.3 < 0.001
Depressive mood (yes) 11,454 (33.7) 4,569 (29.0) 6,885 (37.7) 286.1 < 0.001
Obesity
  Underweight 759 (2.2) 443 (2.8) 316 (1.7) 242.6 < 0.001
  Normal weight 10,710 (31.5) 5,527 (35.1) 5,183 (28.4)
  Overweight 22,561 (66.3) 9,789 (62.1) 12,772 (69.9)
  (BMI, kg/ m2)* 23.8 (21.9–25.7) 24.4 (22.5–26.5)
Systolic blood pressure (abnormal) 9,305 (27.3) 4,273 (27.1) 5,032 (27.5) 0.8 0.370
  (Systolic blood pressure, mmHg)* 130.0 (120–140) 130.0 (120–140)
Diastolic blood pressure (abnormal) 5,972 (17.5) 2,852 (18.1) 3,120 (17.1) 6.1 0.010
  (Diastolic blood pressure, mmHg)* 80.0 (70–85) 80.0 (70–85)
Diabetes (yes) 3,766 (11.1) 2,045 (12.9) 1,721 (9.4) 108.8 < 0.001
  (Fasting blood glucose level, mg/dL)* 98.0 (89–111) 95.0 (87–107)
Dyslipidemia (yes) 4,744 (13.9) 1,472 (9.3) 3,272 (17.9) 517.7 < 0.001
  (Total cholesterol level, mg/dL)* 189.0 (166–214) 204.0 (179–230)
Anemia (yes) 643 (1.9) 497 (3.2) 146 (0.8) 253.0 < 0.001
  (Hemoglobin, mg/dL)* 14.4 (13.6–15.3) 12.9 (12.2–13.5)
ADL (poor) 2,357 (6.9) 1,319 (8.4) 1,038 (5.7) 94.9 < 0.001
BMD
  Normal 2,264 (14.3)
  Osteopenia 6,194 (39.1)
  Osteoporosis 7,366 (46.6)
Note. * Median (Interquartile Range)

Abbreviations: ADL, activities of daily living; BMD, bone mineral density; BMI, body mass index; TUG, timed up and go

Table 2  Injurious fall incidence rate according to TUG results
TUG test result Men Women

Number Event Censored Duration 
(PYs)

Incidence 
rate (1,000 
PYs)

Number Event Censored Duration 
(PYs)

Incidence 
rate (1,000 
PYs)

Normal 13,343 200 13,143 156,540.6 1.3 14,414 479 13,932 168,454.8 2.8
Abnormal 2,416 58 2,356 28,348.5 2.0 3,857 136 3,721 45,112.8 3.0
Abbreviations: TUG, timed up and go; PYs, person-years
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weight group. Moreover, the HR of those with abnormal 
systolic blood pressure was 2.12 (95% CI, 1.67–2.68), 0.57 
for those with abnormal diastolic blood pressure (95% 
CI, 0.41–0.78), and 1.73 for those with diabetes (95% CI, 
1.30–2.29). Regarding BMD, women with osteopenia 
had a 1.55-fold (95% CI: 1.08–2.22) greater risk of injuri-
ous falls, and women with osteoporosis had a 1.49-fold 
greater risk (95% CI: 1.04–2.13).

Among women in the abnormal TUG result group, 
dysuria (HR: 1.60, 95% CI: 1.02–2.52), depressive mood 

(HR: 1.55, 95% CI: 1.04–2.32), obesity (overweight HR: 
1.89, 95% CI: 1.15–3.13), abnormal systolic blood pres-
sure (HR: 1.79, 95% CI: 1.30–2.16), and BMD (osteopo-
rosis HR: 4.42, 95% CI: 1.78–10.93) were significantly 
associated with injurious falls incidence.

Discussion
The TUG test is one of the most frequently used proce-
dures to evaluate the possibility of falls in older adults 
[26], can be used to identify the occurrence of falls in 

Table 3  Cox proportional regression analysis for men
Total TUG test result

Normal Abnormal
HR (95% CI) HR (95% CI) HR (95% CI)

TUG test result (ref: normal) 1.52 (1.13–2.04)
Six-month fall history (ref: no) 2.98 (2.17–4.10) 4.17 (2.98–5.84) 0.37 (0.09–1.58)
Dysuria (ref: no) 0.77 (0.55–1.06) 0.81 (0.57–1.16) 0.56 (0.25–1.27)
Visual impairment (ref: no) 1.01 (0.42–2.45) n/a n/a
Hearing impairment (ref: no) 1.03 (0.68–1.57) 1.26 (0.81–1.96) 0.34 (0.08–1.39)
Depressive mood (ref: no) 1.00 (0.76–1.31) 1.17 (0.87–1.58) 0.68 (0.36–1.31)
Obesity (ref: normal weight)
  Underweight 0.95 (0.44–2.06) 1.01 (0.44–2.33) 0.75 (0.10–5.82)
  Overweight 1.08 (0.83–1.40) 1.08 (0.80–1.45) 0.92 (0.52–1.65)
Systolic blood pressure (ref: normal) 0.99 (0.71–1.39) 0.58 (0.38–0.90) 2.65 (1.50–4.68)
Diastolic blood pressure (ref: normal) 0.69 (0.45–1.05) 1.14 (0.70–1.83) 0.23 (0.10–0.57)
Diabetes (ref: no) 1.14 (0.81–1.62) 1.18 (0.80–1.75) 1.11 (0.52–2.34)
Dyslipidemia (ref: no) 1.31 (0.89–1.92) 0.55 (0.29–1.05) 4.22 (2.40–7.41)
Anemia (ref: no) 1.34 (0.73–2.47) 1.37 (0.70–2.70) 1.40 (0.33–5.96)
ADL (ref: good) 1.41 (0.97–2.06) 0.69 (0.38–1.23) 4.42 (2.51–7.79)
Abbreviations: 95% CI, 95% confidence interval; ADL, activities of daily living; HR, hazard ratio; n/a, not applicable; TUG, timed up and go

Table 4  Cox proportional regression analysis for women
Total TUG test result

Normal Abnormal
HR (95% CI) HR (95% CI) HR (95% CI)

TUG test result (ref: normal) 1.00 (0.81–1.25)
Six-month fall history (ref: no) 0.92 (0.70–1.20) 0.81 (0.59–1.12) 1.19 (0.71–1.97)
Dysuria (ref: no) 1.61 (1.30–2.00) 1.59 (1.24–2.03) 1.60 (1.02–2.52)
Visual impairment (ref: no) 0.85 (0.35–2.05) 1.12 (0.46–2.71) n/a
Hearing impairment (ref: no) 0.56 (0.36–0.87) 0.38 (0.20–0.70) 1.16 (0.60–2.23)
Depressive mood (ref: no) 1.21 (1.01–1.46) 1.13 (0.92–1.39) 1.55 (1.04–2.32)
Obesity (ref: normal weight)
  Underweight 1.99 (1.18–3.34) 2.44 (1.44–4.12) n/a
  Overweight 0.95 (0.77–1.16) 0.80 (0.64–0.99) 1.89 (1.15–3.13)
Systolic blood pressure (ref: normal) 1.79 (1.30–2.16) 2.12 (1.67–2.68) 0.95 (0.57–1.60)
Diastolic blood pressure (ref: normal) 0.56 (0.73–1.17) 0.57 (0.41–0.78) 0.56 (0.28–1.15)
Diabetes (ref: no) 1.68 (1.30–2.16) 1.73 (1.30–2.29) 1.55 (0.89–2.70)
Dyslipidemia (ref: no) 0.92 (0.73–1.17) 1.01 (0.78–1.32) 0.62 (0.35–1.10)
Anemia (ref: no) 1.04 (0.39–2.79) 1.31 (0.49–3.50) n/a
ADL (ref: good) 1.04 (0.72–1.52) 1.12 (0.74–1.71) 0.81 (0.35–1.85)
BMD (ref: normal)
  Osteopenia 1.57 (1.12–2.20) 1.55 (1.08–2.22) 1.62 (0.61–4.30)
  Osteoporosis 1.87 (1.35–2.60) 1.49 (1.04–2.13) 4.42 (1.78–10.93)
Abbreviations: 95% CI, 95% confidence interval; ADL, activities of daily living; BMD, bone mineral density; HR, hazard ratio; n/a, not applicable; TUG, timed up and go
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community-dwelling older adult women [27], and its 
usefulness relies on high specificity rather than sensitiv-
ity [8, 28, 29]. In our sample, the TUG test results were 
associated with injurious falls occurrence in men but not 
women, resonating with the results in a previous study in 
which fall incidence and risk factors differed by sex [14]. 
Furthermore, the six-month fall history was an important 
factor associated with injurious falls occurrence in men. 
This is consistent with prior evidence showing that falls 
recurrence [30–32] and falling experience are risk factors 
for injurious falls [14, 33].

Among older adult men, the risk of injurious falls was 
greater in the abnormal TUG result group in patients 
with abnormal blood pressure, dyslipidemia, and poor 
ADL. In a cohort study conducted in Sweden, an asso-
ciation between high systolic pressure and injurious falls 
occurrence was confirmed in a group with low functional 
status [34]. Similar to the evidence in the current study, 
the results of Ek et al. ’s research showed that injurious 
falls risk differed depending on ADL performance in 
men, but not in women [14]. Meanwhile, the literature 
shows that accurate detection of groups at high risk for 
falls, coupled with the implementation of appropriate 
interventions, can help avoid the negative impacts of falls 
among older adults [28]. In fact, various interventions 
have been shown to decrease fall rates, with reductions 
in the range of 20–40% [35]. Therefore, more interven-
tions are needed to prevent falls among older adult men 
with abnormal TUG results [35]. Furthermore, important 
focus points for fall prevention interventions focused 
on this group may include cardiovascular health man-
agement, including cholesterol management, and ADL 
change detection.

In older adult women, the risk factors for injurious falls 
were dysuria, underweight status, and low bone density, 
regardless of the TUG test results. Indeed, urinary dys-
functions, such as dysuria, are well-known risk factors for 
injurious falls in hospitals [36]. Underweight older adult 
women in our sample showed a greater risk of injurious 
falls than did their normal-weight counterparts. In previ-
ous investigations, low body weight was also shown to be 
a risk factor for increased fractures or falls [37–39]; how-
ever, the mechanisms by which low body weight increases 
the likelihood of injurious falls remain unclear. Some 
hypotheses for this finding are presented herein. A lower 
BMI has been associated with decreased BMD, soft tissue 
loss, and muscular weakness, thereby increasing the risk 
of falls or fractures [40]. Additionally, while a lower BMI 
is associated with a lower BMD, a BMI increase has been 
shown to be associated with an increase in adipose tissue, 
providing further protection against fractures [41]. Being 
underweight often relates to undernutrition or malnu-
trition, and if persistent, both can worsen BMD [42], 
thereby increasing injurious fall risk. Prolonged exposure 

to trauma in the absence of a fat cushion has also been 
depicted to potentially influence the risk of falls or frac-
tures [43, 44]. In addition, a low BMI was demonstrated 
to be strongly associated with sarcopenia development, 
which in turn diminishes physical strength and muscular 
performance, leading to injuries that increase the prob-
ability of a fall or fracture [45, 46]. Nonetheless, muscle 
mass may not provide adequate bone protection, and 
reduced muscle strength may increase the risk of fall-
related injuries [47, 48].

Studies have also demonstrated that hearing loss is 
associated with a high probability of falling [49]. How-
ever, in this study, hearing loss in women with normal 
TUG results was associated with a reduced risk of inju-
rious falls. It is possible that the risk of injurious falls in 
older adults diagnosed with hearing loss is lower because 
those with hearing loss may engage in less outdoor activ-
ity than those without hearing loss [50]. However, fol-
low-up studies are required to confirm the relationship 
between hearing loss and injurious falls.

In summary, the TUG test is a relatively simple test that 
has been shown, based on our findings, to be potentially 
useful in health interventions aimed at dealing with inju-
rious fall risk factors and tailored to individuals by sex. In 
male older adults, fall prevention interventions could be 
designed to divide participants into normal and abnor-
mal groups according to their TUG test results. More-
over, since the TUG test was not associated with falls in 
older adult women, future research is needed to further 
assess whether the TUG test can be useful in examining 
falls in this population.

Regarding study limitations, this study could not con-
trol for the participants’ demographic characteristics. As 
we tracked and analyzed individuals reaching the age of 
66, we considered demographic variables such as sex and 
age. However, other factors such as education level and 
marital status, were not included in our analysis because 
they are not available in the NHIS-senior cohort data. 
Moreover, this study could not analyze data on BMD T 
scores for older adult men, as their claims data did not 
contain this information. In addition, many of the mea-
sured covariates (e.g., fall history, dysuria, depressive 
mood, ADL abilities, etc.) were collected via participant 
self-report, which is a major limitation of this study. 
This study’s results may have also underestimated injuri-
ous fall incidence because the claims data were analyzed 
while tracking older adults in the community who under-
went lifecycle examinations. This implies that cases of 
minor injurious falls that did not require hospitalization 
or treatment were not considered in the analysis. In the 
case of an injury due to a fall, treatment costs are high, 
and people could become impaired in the performance 
of their ADLs; therefore, identifying the related risk fac-
tors for cases of minor injurious falls and using them in 
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preventive techniques may be important steps of future 
research. Regarding strengths, this study examined inju-
rious falls using objective claims data from the KNHIS, 
which encompassed more than 10 years of follow-up data 
from people who turned 66 years old in 2007 and 2008. 
Still, this long follow-up procedure might have increased 
the likelihood of other variables affecting the risk of fall-
ing. Since this study identified various risk factors in 
addition to the TUG test results, interventions aimed at 
the elderly in the community can be tailored to address 
these identified factors.

Conclusion
The TUG test was associated with injurious falls in 
older adult men but not in older adult women. In older 
adult women, various factors were related to injurious 
falls regardless of the TUG test. In addition, the factors 
associated with injurious falls differed by sex. When 
developing interventions to prevent injurious falls, these 
differences should be considered.
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