
R E S E A R C H Open Access

© The Author(s) 2025. Open Access  This article is licensed under a Creative Commons Attribution-NonCommercial-NoDerivatives 4.0 
International License, which permits any non-commercial use, sharing, 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 you modified the 
licensed material. You do not have permission under this licence to share adapted material derived from this article or parts of it. 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  h t t p :   /  / c r e a t i  
v e c  o m m  o n  s  . o  r  g /  l i c  e n s   e s  /  b y  - n c  -  n d / 4 . 0 /.

Liang et al. BMC Geriatrics          (2025) 25:170 
https://doi.org/10.1186/s12877-025-05814-y

BMC Geriatrics

*Correspondence:
Gang Li
sdszylg@163.com

Full list of author information is available at the end of the article

Abstract
Background Falls represent the second leading cause of injury-related mortality among older adults globally. The 
occurrence of falls is the consequence of the interaction of numerous complex risk factors. The objective of this study 
was to develop a validated fall risk prediction model for the Chinese older individuals.

Methods The study used data from the China Health and Retirement Longitudinal Study (CHARLS), a dataset 
representative of the Chinese population. Thirty-eight indicators including biological factors, behavioral factors and 
health status were analyzed in this study. The study cohort was randomly divided into the training set (70%) and 
the validation set (30%). Variables were screened using LASSO regression analysis, the best predictive model based 
on 10-fold cross-validation, logistic regression model was applied to explore the correlates of fall risk in the older 
individuals, a nomogram was constructed to develop the predictive model, calibration curves were applied to assess 
the accuracy of the nomogram model, and predictive performance was assessed by area under the receiver operating 
characteristic curve and decision curve analysis.

Result A total of 4,913 cases from the 2015 CHARLS database for people aged 60 years and older were ultimately 
included, and a total of 1,082 (22.02%) of the older individuals had experienced a fall within two years. Multivariate 
logistic regression analysis showed that Sleeping time, Hearing, Grip strength, ADL score, Cognition, Depression, 
Health, KD, and Pain DRUG were predictors of fall risk in the older individuals. These factors were used to construct 
nomogram models that showed good agreement and accuracy. The AUC value for the predictive model was 0.644 
(95% CI = 0.621–0.666), with a specificity of 0.695 and a sensitivity of 0.522. For the internal validation set, the AUC 
value was 0.644 (95% CI = 0.611–0.678), with a specificity of 0.629 and a sensitivity of 0.577. The Hosmer-Lemeshow 
test value of the model for the training set is p = 0.9368 and for the validation set is p = 0.8545 (both > 0.05). The 
calibration curves show a more significant agreement between the nomogram model and the actual observations. 
The ROC and DCA indicate a better predictive performance of the nomogram.

Conclusion The comprehensive nomogram constructed in this study is a promising and convenient tool for 
assessing the risk of falls in the Chinese older individuals and to help older adults understand the risk level of falls, 
avoid and eliminate modifiable risk factors, and reduce the incidence of falls.
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Background
As the world’s population ages and human life expectancy 
increases, the physiological changes that accompany the 
aging process such as decreased physical function, bal-
ance, limb coordination, and the presence of other factors 
such as depressive states, cognitive impairments, chronic 
diseases, and medication use increase the risk of falls and 
fall-related injuries [1–3]. A fall is a sudden, involuntary, 
unintentional change in the position of an individual’s 
body, which is a fall of the body to the ground or a lower 
plane [4]. According to the World Health Organization, 
the annual incidence of falls in the older population aged 
65 years and older is 28–35%, and the incidence rate 
grows to 32–42% in the older population aged 70 years 
and older. According to the Global Burden of Disease, 
Injury and Risk Factor Study, 12% of unintentional injury 
deaths originate from falls, and the proportion of deaths 
due to falls has risen to 65%. Falls are the second leading 
cause of injury deaths among older persons globally and 
the second leading cause of unintentional injury-related 
deaths after road traffic injuries. The incidence of falls 
also shows some variation across countries. In the United 
States, about 25% of the older individuals aged 65 years 
or older experience falls each year, with a fall mortality 
rate of 36.7 per 100,000; in Canada, about 20–30% of 
the older individuals experience one or more falls each 
year, with a fall mortality rate of 9.4 per 100,000; and in 
China, the annual incidence of falls among the older indi-
viduals ranges from 14.7 to 34%, with a fall mortality rate 
of 44.3 per 100,000 for the population aged 65 years or 
older. Falls not only cause death of the older individuals, 
but also lead to hip fractures, traumatic craniocerebral 
injuries and other related serious injuries [5], decrease in 
self-care ability, daily activities, independence of move-
ment, and quality of life of the older individuals, making 
it impossible for them not to receive long-term care, and 
at the same time greatly increasing, directly or indirectly, 
the expenditure on medical expenses and economic con-
sumption [6]. The U.S. Centers for Disease Control and 
Prevention recommends that at least Annual fall risk 
screening for older individuals to intervene as early as 
possible to address modifiable fall risk factors [7–9]. Falls 
risk assessment therefore becomes a key component of 
falls prevention.

A plethora of risk assessment tools exists for the pur-
pose of evaluating potential hazards associated with the 
fall. Such as Functional evaluation of upper and lower 
limbs, muscle strength measure [10], fall efficacy scale 
[11], Romberg test [12], STRATIFY fall risk assessment 
[13], post-fall assessment tool [14], and falls risk for older 

individuals in the community assessment [15], to name a 
few. However, most of these tools are based on a single 
factor or a limited combination of variables, making it 
difficult to comprehensively reflect the complexity of fall 
risk in older individuals, in addition to the fact that most 
of the existing models are mainly focused on European 
and American populations and lack targeted research 
on the Chinese older individuals [16–18]. Although the 
study by Pereira et al. proposed a framework for fall risk 
assessment based on multidimensional factors, their 
model was mainly based on data from Western popula-
tions, and the differences in genetic-biological factors 
and environmental lifestyles among different populations 
limit the population to which the model can be applied.

We identified a selection of potential factors that may 
influence falls based on previous studies, which were 
screened and included in the prediction model. Factors 
such as cognitive impairment, physical fitness (covering 
strength, flexibility, agility, balance and aerobic endur-
ance), gait, body composition, physical activity (includ-
ing light, moderate or strenuous exercise), health status, 
environmental hazards and other factors have been fre-
quently reported to be strongly associated with fall risk 
in previous studies [3, 19]. Based on this, this study con-
structed a comprehensive fall risk prediction model for 
the first time for the Chinese older individuals based on 
the China Health and Retirement Longitudinal Study 
(CHARLS) database. In addition, this study innova-
tively introduced the tool of nomogram. Nomograms 
can effectively quantitatively integrate the predicted val-
ues of multiple variables, providing clinicians and public 
health workers with an intuitive risk assessment tool that 
enables them to quickly and easily assess the risk of falls, 
and then accurately identify high-risk populations, which 
can provide a powerful support for the identification and 
prevention of fall risk.

Information and methods
Study design
We use data from the China Health and Retirement Lon-
gitudinal Study (CHARLS), which is publicly available 
at http://charls.pku.edu.cn. Published by the National 
Development Research Institute of Peking University 
(NDI-Peking University), CHARLS is a tracking sur-
vey representative of mainland China’s population aged 
45 years and older, aiming to build a high-quality public 
micro-database to collect information covering multiple 
dimensions such as socioeconomic status and health 
status to meet the needs of scientific research on aging 
[20]. The data of this project is of high quality and has the 
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characteristics of a large sample, which provides real and 
effective data support for the analysis of this thesis.

Data from the 2015 CHARLS in the older individuals 
aged 60 years and older were selected for analysis in this 
study, and our study followed the Declaration of Hel-
sinki. The original CHARLS was approved by the Eth-
ics Review Board of Peking University (Beijing, China) 
(IRB00001052-11015), and all participants signed an 
informed consent form at the time of participation. No 
ethical issues were addressed in this paper. The study 
population was the older individuals aged 60 years and 
above in China, and the actual number of cases was 4,913 
after excluding some of the people with missing outcome 
variables or those who did not meet the inclusion criteria.

Of 21,095 respondents in the CHARLS 2015 dataset, 
we removed all individuals whose study inclusion vari-
ables contained missing data, including (1): exclusion of 
183 individuals with missing data on falls; (2) exclusion of 
325 individuals with missing data on age, sex, residence, 
and marital status; (3) exclusion of 4838 individuals with 
missing data on height, weight, waist circumference, 
and grip strength; (4) 323 who excluded missing data 
on self-reported health status and data on pain status; 
(6) 6 who excluded missing data on smoking; (7) 9 who 
excluded missing data on alcohol consumption; (8) 202 
who excluded missing data on sleep duration and quality 
of sleep; (10) 5,144 who excluded missing data on ADL 
scores; (11) 205 who excluded missing data on cognitive 
function; and (12) 205 who excluded missing data on the 
CES-D -10 questionnaire-related data were missing in 
815 individuals; (13) chronic disease and disease medica-
tion data were missing in 58 individuals, and individuals 
over 60 years of age (4074 individuals under 60 years of 
age were excluded) were selected to be included in the 
construction of the prediction model, and finally 4,913 
respondents were included in the construction of the 
prediction model after rigorous data screening.

Data collection
Falls
Fall in this study was defined as the presence or absence 
of a fall in the last two years.

Biological factors
Biological factors included age, sex, obesity level, place 
of residence, and marital status. Age: ≥ 60 years. Sex: 
defined as male or female. Degree of obesity: consid-
ered obese if BMI ≥ 24 and non-obese if BMI < 24. Place 
of residence: participants were considered to be urban 
if they were in the main urban area or urban-rural com-
bined area, and rural if they were in the town center, 
town-rural combined area, special area, town center, and 
villages; marital status: participants were considered to 
be married if they were currently married and living or 

cohabitating with their spouse; participants were defined 
as unmarried if they were not currently living with 
their spouse due to work or other reasons, were sepa-
rated, divorced, widowed, or had never been married. 
unmarried.

Behavioral factors
Behavioral factors included smoking history, alcohol con-
sumption history, sleep quality, and nighttime sleep dura-
tion. Smoking history: never smoked is considered no 
history of smoking; current and past smoking is consid-
ered a history of smoking. Alcohol consumption history: 
alcohol use was considered a history of alcohol use; never 
using alcohol was considered no history of alcohol use. 
Quality of sleep: Assessment was based on the response 
“I have a very restless sleep” and was divided into two 
groups according to the true time of the statement during 
the week, with ‘Rarely or none of the time’ and ‘Some or a 
little of the time’ defined as good quality sleep; Occasion-
ally or a moderate amount of the time and ‘Most or all 
of the time’ defined as poor quality sleep. Nightly sleep 
duration: data from the question “In the past month, how 
many hours of actual sleep did you get each night (aver-
age number of hours per night)?”

Health status
Referring to international guideline [21] and in conjunc-
tion with the foundation of previous research, the health 
factors selected as predictors of fall risk included vision, 
hearing, waist circumference, grip strength, body pain, 
activities of daily living, cognitive function, self-perceived 
health status, depressive state, history of chronic disease 
(hypertension, dyslipidemia, diabetes, cancer, chronic 
lung disease, liver disease, heart disease, stroke, kid-
ney disease, digestive disease, mental illness, memory-
related disorders, arthritis or rheumatism, or asthma) 
and disease medication (hypertension medication, dia-
betes medication, oncology medication, stroke medica-
tion, prostate disease, and analgesics). Vision: Based on 
the answers to the questions “How well do you see things 
in the distance? For example, can you recognize a friend 
across the street (including with glasses)” and “How well 
do you see things up close?“. For example, can you read 
a newspaper with your glasses on?“The assessment was 
carried out in two groups: “excellent”, “very good” and 
“good” were considered “good”, while “fair” and “poor” 
were considered “bad”. “Fair” and “poor” were consid-
ered “bad”. Waist circumference: exclude those greater 
than or equal to 500. Grip strength: Take the average of 
the left and right hand grip strength data from the four 
times in the dataset Physical pain: based on self-reported 
diagnosis, defined as “yes” or “no”. Activities of daily liv-
ing: measured using the Katz Activities of Daily Liv-
ing (ADL) [22], the CHARLS questionnaire includes six 
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items: eating, dressing, transferring, toileting, bathing, 
and incontinence; for “No, I don’t have difficulty” and 
" I have difficulties but I can still do it”, a score of 1 was 
assigned, and for “Yes, I have difficulties and need help” 
and “I cannot do it”, a score of 0 was assigned; therefore, 
the total Katz ADL score indicates the degree of depen-
dence, with lower scores indicates a higher degree of 
dependence. Visuospatial skills were assessed by redraw-
ing two overlapping pentagons; 1 point was awarded 
for correctly redrawing the pictures and 0 points for 
failure. Memory is measured by mean scores on imme-
diate and delayed recall of ten Chinese words; each cor-
rectly recalled word is scored as one point; Orientation 
and Attention are measured by the Telephone Interview 
for Cognitive Status (TICS-10), which calculates scores 
based on responses to questions about the year, month, 
day, day of the week, season, and the successive subtrac-
tion of seven (up to five times) from 100, with each cor-
rect answer scored as one point, with a The total score 
is 0–10; the sum of the above dimensions is the Total 
Cognitive Functioning Score, which ranges from zero to 
21, with a higher score indicating better cognitive func-
tioning [23]. Self-perceived health: based on the answer 
to the question “What do you think of your health?” was 
assessed and divided into two groups: “excellent”, “very 
good”, “good” was considered “good”, “fair” and “poor” 
were considered “bad”. Depression is assessed by the Cen-
ter for Epidemiologic Studies Depression Scale (CES-D-
10) [24] used in the questionnaire, which is a widely used 
instrument for measuring mental health, and consists of 
10 items, with the options for each entry being “rarely or 
not at all,” “not too much,” “sometimes or half the time,” 
and “most of the time,” and a score of 1 to 4 is assigned 
accordingly depending on the actual questio, scores are 
added up to obtain a higher total score indicates a higher 
degree of depression, the total score of 30 points, 10 
points or more Defined as depressed [25]. Chronic dis-
ease history: Based on self-reported diagnosis, defined 
as “yes” or “no”. Disease medication use: based on self-
reported use of medications for the chronic disease in 
question, defined as “yes” or “no”.

Statistical methods
Data from the 2015 CHARLS database were selected for 
analysis. Percentiles were calculated for each potential 
risk factor for falls, as well as one-factor ratio with mea-
surements expressed as medians and interquartile ranges, 
and between-group comparisons were analyzed using the 
rank-sum test. Categorical variables were expressed as 
percentages, and between-group comparisons were ana-
lyzed using the χ2 test or Fisher exact test.

The data were randomly divided into training and vali-
dation sets in a 7:3 ratio. With the selection of falls in the 
last 2 years as predictors, the model was developed and 

validated using Least Absolute Shrinkage and Selection 
Operator (LASSO) regression analysis [26] was applied 
to confirm the appropriate tuning parameter (λ) of the 
LASSO regression analysis to screen out the significant 
risk predictors with a P-value of less than 0.05, which 
were sequentially incorporated into the multifactorial 
logistic regression analysis to make predictions [27], and 
then nomograms were used to Visualize the effects and 
interconnections of various variables related to fall risk in 
different individuals of the older individuals [25]. In addi-
tion, the ability to discriminate between key risk factors 
for falls in the model was determined using area under 
the curve (AUC)-based participant work characteristics 
(ROC) analyses, examining the ability of the constructed 
model to discriminate between fallers and non-fallers 
and determining risk thresholds for each of these key fac-
tor outcomes [28]. Hosmer-Lemeshow goodness-of-fit 
tests were used and to determine the overall fit between 
predicted probabilities and observations. Decision curve 
analysis (DCA) was used to assess clinical validity.

All analyses in this study were performed using R soft-
ware (version 4.3.2). All tests were two-tailed and P < 0.05 
was considered statistically significant.

Results
Participant characteristics
Participant Characteristics A total of 4913 people were 
included in this study. The demographic and clinical 
characteristics of the participants are listed in Table  1. 
There were 2246 males (45.7%) and 2667 females (54.3%), 
and 6.7% were aged 80 years or older. The data were ran-
domized into a training set (n = 3439) and a validation set 
(n = 1474).

Incidence of falls and related variables
The prevalence of falls was 22.02% (1082/4913). Several 
factors including Gender, Residence, Smoking, Sleep 
quality, Sleeping time, Vision, Hearing, Grip strength, 
ADL score, Cognition, Health, Depression, HTN, DBS, 
CLD, LiverD, HD, KD, DigestD, MentalD, AR, Asthma 
and Pain DRUG differed significantly (p < 0.05) between 
those who fell and those who did not.

LASSO and logistic regression
In the LASSO regression model, non-zero coefficients 
were selected as potential predictors of falls in this study 
(Fig. 1A and B). Then, we further used the ‘rms’ package 
in R software to incorporate these potential factors asso-
ciated with falls into the multivariate logistic regression 
model. Ultimately, Sleeping time (0.0315), Grip strength 
(0.0377), ADL score (0.0018), Hearing (0.0021), Cogni-
tion (0.0349), Depression (1.86e-05), Health (0.0099), KD 
(0.0002) and Pain DRUG (0.0120) were associated with 
the occurrence of falls (Table 2).
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Variable Total Non-fall Fall P
4913 3831 1082

Age group(%) 0.614
 60–70 3113(63.4) 2439(63.7) 674(62.3)
 70–80 1498(30.5) 1162(30.3) 336(31.1)
 >=80 302(6.1) 230(6.0) 72(6.7)
Gender(%) < 0.001
 Female 2667(54.3) 2007(52.4) 660(61.0)
 Male 2246(45.7) 1824(47.6) 422(39.0)
Obesity(%) 0.051
 BMI < 24 2867(58.4) 2264(59.1) 603(55.7)
 BMI > = 24 2046(41.6) 1567(40.9) 479(44.3)
Residence(%) 0.003
 Rural 4061(82.7) 3133(81.8) 928(85.8)
 Urban 852(17.3) 698(18.2) 154(14.2)
Marital status(%) 0.664
 Unmarried 1136(23.1) 880(23.0) 256(23.7)
 Married 3777(76.9) 2951(77.0) 826(76.3)
Smoking(%) 0.001
 No 2718(55.3) 2069(54.0) 649(60.0)
 Yes 2195(44.7) 1762(46.0) 433(40.0)
Drinking(%) 0.562
 No 2989(60.8) 2322(60.6) 667(61.6)
 Yes 1924(39.2) 1509(39.4) 415(38.4)
Sleep quality(%) < 0.001
 Poor 1922(39.1) 1421(37.1) 501(46.3)
 Good 2991(60.9) 2410(62.9) 581(53.7)
Sleeping time
(hour)
mean(SD)

6.1(2.1) 6.3(2.1) 5.8(2.2) < 0.001

Vision(%) 0.002
 Poor 4302(87.6) 3325(86.8) 977(90.3)
 Good 611(12.4) 506(13.2) 105(9.7)
Hearing(%) < 0.001
 Poor 3687(75.0) 2823(73.7) 864(79.9)
 Good 1226(25.0) 1008(26.3) 218(20.1)
Waist(mean(SD)) 85.2(14.1) 85.2(14.1) 85.3(14.0) 0.781
Grip strength(mean(SD)) 24.7(8.9) 25.2(8.9) 22.8(8.6) < 0.001
Pain(%) 1
 No 255(5.2) 199(5.2) 56(5.2)
 Yes 4658(94.8) 3632(94.8) 1026(94.8)
ADL score(mean(SD)) 5.9(0.5) 5.9(0.4) 5.8(0.7) < 0.001
Cognition(mean(SD)) 9.2(4.4) 9.4(4.4) 8.5(4.4) < 0.001
Health(%) < 0.001
 Poor 4172(84.9) 3192(83.3) 980(90.6)
 Good 741(15.1) 639(16.7) 102(9.4)
Depression(%) < 0.001
 No 2853(58.1) 2364(61.7) 489(45.2)
 Yes 2060(41.9) 1467(38.3) 593(54.8)
HTN(%) 0.036
 No 3181(64.7) 2510(65.5) 671(62.0)
 Yes 1732(35.3) 1321(34.5) 411(38.0)
DL(%) 0.416
 No 4186(85.2) 3273(85.4) 913(84.4)
 Yes 727(14.8) 558(14.6) 169(15.6)

Table 1 Baseline characteristics of the study population
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Variable Total Non-fall Fall P
4913 3831 1082

DBS(%) 0.001
 No 4448(90.5) 3496(91.3) 952(88.0)
 Yes
CA(%) 0.749
 No 4861(98.9) 3789(98.9) 1072(99.1)
 Yes 52(1.1) 42(1.1) 10(0.9)
CLD(%) 0.007
 No 4214(85.8) 3314(86.5) 900(83.2)
 Yes 699(14.2) 517(13.5) 182(16.8)
LiverD(%) 0.004
 No 4717(96.0) 3695(96.5) 1022(94.5)
 Yes 196(4.0) 136(3.5) 60(5.5)
HD(%) 0.026
 No 3947(80.3) 3104(81.0) 843(77.9)
 Yes 966(19.7) 727(19.0) 239(22.1)
STK(%) 0.058
 No 4775(97.2) 3733(97.4) 1042(96.3)
 Yes 138(2.8) 98(2.6) 40(3.7)
KD(%) < 0.001
 No 4539(92.4) 3589(93.7) 950(87.8)
 Yes 374(7.6) 242(6.3) 132(12.2)
DigestD(%) 0.004
 No 3760(76.5) 2968(77.5) 792(73.2)
 Yes 1153(23.5) 863(22.5) 290(26.8)
MentalD(%) 0.011
 No 4849(98.7) 3790(98.9) 1059(97.9)
 Yes 64(1.3) 41(1.1) 23(2.1)
MRD(%) 0.055
 No 4799(97.7) 3751(97.9) 1048(96.9)
 Yes 114(2.3) 80(2.1) 34(3.1)
AR(%) < 0.001
 No 3008(61.2) 2438(63.6) 570(52.7)
 Yes 1905(38.8) 1393(36.4) 512(47.3)
Asthma(%) 0.014
 No 4624(94.1) 3623(94.6) 1001(92.5)
 Yes 289(5.9) 208(5.4) 81(7.5)
HTN DRUG(%) 0.145
 No 4654(94.7) 3639(95.0) 1015(93.8)
 Yes 259(5.3) 192(5.0) 67(6.2)
DBS DRUG(%) 0.291
 No 4833(98.4) 3773(98.5) 1060(98.0)
 Yes 80(1.6) 58(1.5) 22(2.0)
CA DRUG(%) 0.704
 No 4894(99.6) 3815(99.6) 1079(99.7)
 Yes 19(0.4) 16(0.4) 3(0.3)
STK DRUG(%) 0.64
 No 4871(99.1) 3800(99.2) 1071(99.0)
 Yes 42(0.9) 31(0.8) 11(1.0)
Prostate DRUG(%) 0.318
 No 4727(96.2) 3692(96.4) 1035(95.7)
 Yes 186(3.8) 139(3.6) 47(4.3)
Pain DRUG(%) < 0.001

Table 1 (continued) 
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Predictive model development
LASSO regression analysis was used to screen the model 
for the best predictor variables based on 10-fold cross-
validation, and multivariate logistic regression was per-
formed to create predictive models. The predictive model 
consisted of variables with p-values less than 0.05 in 
multivariate logistic regression. These variables included 
Sleeping time, ADL score, Hearing, Grip strength, Cogni-
tion, Depression, Health, KD, and Pain DRUG as predic-
tors. The predictive model is presented in a nomogram 
and can be used to quantitatively predict the risk of falls 
in the older individuals (Fig. 2).

Validation of the prediction model
Differentiation AUC values were calculated to assess the 
ability of the predictive model to differentiate the model 
by examining the incidence of fall risk in the older adult 
population in the training and validation sets. As shown 
in Fig. 3A and B, in the training set, the prediction model 
had an AUC value of 0.644 (95% CI = 0.621–0.666), with 
a specificity of 0.695 and a sensitivity of 0.522. In the 
validation set, the AUC value was 0.644 (95% CI = 0.611–
0.678), with a specificity of 0.629 and a sensitivity of 
0.577. These data suggest that nomograms have some 
discriminatory ability and predictive value, and that they 
can somewhat correctly identify the risk of falling or not 
in the older individuals.

Calibration of the prediction model
The nomograms were evaluated using calibration plots 
and the Hosmer-Lemeshow goodness-of-fit test (p > 0.05 
indicating a very good model fit). The test results 
showed that the model fit well to both the training set 
(χ2 = 2.9609, df = 8, p = 0.9368) and the validation set 
(χ2 = 4.0294, df = 8, p = 0.8545). Figure 4A and B Calibra-
tion curves based on the multifactor logistic regression 
model show a high degree of agreement between the 

Table 2 The prediction model with multivariate logistic 
regression
Variable Multivariate analysis P

OR (95%CI)
Sleeping time 0.957(0.92–0.996) 0.0315
ADL score 0.782(0.67–0.913) 0.0018
Hearing 0.715(0.576–0.883) 0.0021
Cognition 0.978(0.958–0.998) 0.0349
Depression 1.475(1.235–1.763) 1.86*10− 5

Health 0.694(0.522–0.911) 0.0099
KD 1.728(1.296–2.292) 0.0002
Pain DRUG 1.388(1.072–1.788) 0.0120
Grip strength 0.987(0.976–0.999) 0.0377

Fig. 1 Selection of demographic and clinical characteristics using the LASSO regression model. A Coefficient profiles were generated from the log 
(lambda) series, and nonzero coefficients were generated from the optimal lambda. B The optimal parameter (lambda) in the LASSO model was selected 
by ten-fold cross-validation using the minimum criterion. Partial likelihood deviation (binomial deviation) curves are plotted relative to log (lambda). A 
virtual vertical line is drawn at the optimum using one SE of the minimum criterion (1-SE criterion)

 

Variable Total Non-fall Fall P
4913 3831 1082

 No 4443(90.4) 3524(92.0) 919(84.9)
 Yes 470(9.6) 307(8.0) 163(15.1)
Legend HTN(Hypertension), DL(Dyslipidemia), DBS (Diabetes or high blood sugar), CA(Cancer or malignant tumor), CLD (Chronic Lung Disease), LiverD (Liver 
Disease), HD (Heart Disease), STK(Stroke), KD (Kidney Disease), DigestD (Stomach or other digestive disease), MentalD (Emotional, nervous, or psychiatric problems), 
MRD(Memory-related disease), AR (Arthritis or Rheumatism)

Table 1 (continued) 
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predicted and actual probability of falls in the older indi-
viduals in both the training and validation sets.

Assessment of clinical effectiveness
The clinical validity of the model was assessed using a 
decision curve analysis (DCA) approach, and the results 
are shown in Fig.  5A and B. The results are shown in 
Fig.  5A. The decision curves show that the net benefit 
of the predictive model for the internal validation set is 
higher than the two extreme scenarios, indicating that 

the nomogram model has a higher net benefit and pre-
dictive accuracy.

Discussion
Falls are a significant public health concern, being the 
leading cause of injury-related deaths among Chinese 
older individuals, with a substantial impact on their qual-
ity of life and healthcare costs. The prevalence of falls 
among Chinese people aged 60 years and older in this 
study was 22.02%, which was not much different from 
previous reports on the prevalence of falls, which ranged 

Fig. 3 Nomogram ROC curves for quantitative prediction of fall risk in the older individuals. A. ROC curves generated using the training dataset. B ROC 
curves generated using the validation dataset

 

Fig. 2 Nomogram used to quantitatively predict the risk of falls in the older individuals
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from about 14.7–34% [29–33]. Falls are strongly associ-
ated with the occurrence of hip fractures, craniocerebral 
injuries, disability, and death [34], and their prevention 
and management has become a major public health issue 
to be focused on and addressed in the process of healthy 
aging [35]. Therefore, identifying high-risk individu-
als is important for preventing falls and their associated 
adverse outcomes, especially for the older individuals. 
Falls in older individuals are not an accident, but a poten-
tial hazard [36]. Falls are the result of a complex combi-
nation of risk factors that interact with each other [37]. 
In this study, Sleeping time, Hearing, Grip strength, ADL 
score, Cognition, Depression, Self-reported health status, 
Chronic Kidney Disease, and the use of pain medication 
were selected as predictors of falls in the Chinese older 

individuals, and the associations of these factors with 
falls were similar to those of previous studies [38–44]. 

Sleep disorders are a common health problem among 
the older individuals, and shorter sleep duration at night 
caused by insomnia, difficulty in falling asleep, and early 
awakening is one of the main manifestations [45–47]. 
In this study, the incidence of falls was predicted to be 
greater in those with sleep deprivation and poor health. 
Piovezan et al. hypothesized that sleep disorders can 
lead to an imbalance between catabolic and anabolic 
hormones in the body, resulting in an enhanced inflam-
matory response and a decrease in energy expenditure, 
which partly explains the increased risk of falls in older 
individuals with increased sleep status [48]. A cross-
sectional study by Machado et al. using data from the 

Fig. 5 Decision curve plots for quantitative prediction of fall risk in the older individuals. A. DCA plots generated using the training dataset. B. DCA plots 
generated using the validation dataset

 

Fig. 4 Calibration plots for quantitative prediction of fall risk in the older individuals. A. Calibration plots generated using the training dataset. B. Calibra-
tion plots generated using the validation dataset
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Brazilian Longitudinal Study of Aging (ELSI-Brazil) 
2015–2016 also confirmed that self-reported low sleep 
quality was significantly associated with an increased 
incidence of falls in adults older than 50 years [49]. Sos-
noff et al. analyzed 2,819 subjects from 23 studies and 
showed that decreased gait parameters, decreased bal-
ance, decreased physical functioning, cognitive impair-
ment, and sleep deprivation were found to be significant 
predictors of increased fear of falling [50]. The results of 
many previous studies support the conclusion that sleep 
duration can be used as a predictor of falls, but relatively 
few studies have used self-reported health status as a 
predictor of falls. Pereira et al. showed that if older indi-
viduals are less fit, in an unhealthy state and less likely to 
engage in strenuous physical activity, the higher the prob-
ability of being at risk of falling during strenuous physical 
activity [51]. Our findings are somewhat supported by 
the results of Kiyoshi-Teo H et al. which showed that self-
reported health status was associated with concern about 
falls, that older adults in better health should be less con-
cerned about falls, and that those who were more con-
cerned about falls had higher fall risk scores [52]. 

Numerous studies conducted in different countries and 
regions with ethnically diverse populations have found a 
potential correlation between hearing loss and falls [53]. 
Studies have shown that older adults with hearing loss 
have a 2.4 times greater risk of falling than their normal-
hearing peers [54]. Hearing loss limits the ability of older 
individuals to monitor and perceive auditory cues for 
spatial orientation, resulting in balance and orientation 
deficits, reduced stability of postural control, and poten-
tially an increased risk of falls [55]. In addition, older 
individuals with hearing loss are prone to loneliness, 
depression, anxiety, and social isolation due to reduced 
speech perception and impaired communication, and 
may even experience varying degrees of cognitive dys-
function [56]; cognitive decline affects the ability of older 
individuals to avoid hazards and increases the risk of falls 
[37, 57]. The results of this study also confirm that hear-
ing impairment, depressive state and cognitive decline 
are predictors of fall risk.

The results of this study suggest that comorbid kidney 
disease and the use of pain medication were both inde-
pendent predictors of increased risk of falls and pre-
dictors that led to multifactorial analysis. Considering 
kidney disease can lead to multiple structural and func-
tional changes in the kidneys. Kidney function declines 
and glomerular filtration rate decreases, leading to a 
weakening of the body’s overall metabolism and detoxi-
fication capacity, and this decline in function affects 
older people’s stamina and endurance, which in turn 
affects their balance and gait, and increases the risk of 
falls [58]; at the same time, people with kidney disease 
often need to restrict their protein intake, which can lead 

to malnutrition that affecting muscle strength and bone 
health [59], which can also increase the risk of falls. In 
addition, older individuals with chronic kidney disease 
are often associated with impaired cognitive function 
and ability to perform activities of daily living [60], fur-
ther increasing the risk of falls. Age-related cognitive dys-
function, communication difficulties, and lowered pain 
thresholds lead to challenges in the medication of chronic 
pain in the older individuals. Common medications for 
pain are categorized by pharmacological characteristics 
into acetaminophen, nonsteroidal anti-inflammatory 
drugs (NSAIDs), tramadol, opioids, compounded analge-
sics, antidepressants, and others [61]. Opioid painkillers 
work by decreasing alertness or depressing the central 
nervous system, which may cause older individuals to 
experience symptoms such as drowsiness, confusion or 
disorientation, or cause postural hypotension, side effects 
that may increase the risk of falls; meanwhile, less com-
mon side effects of opioids include unconscious con-
tractions of the muscles (myoclonus), which may affect 
balance and coordination, and thus increase the risk of 
falling [62]. In addition, a history of chronic disease and 
irrational drug application can interact. Non-steroidal 
anti-inflammatory drugs (NSAIDs) can sometimes cause 
fluid retention and swelling, and regular use of NSAIDs 
can also increase the risk of kidney disease, and in some 
cases, kidney failure [63, 64], further aggravating the risk 
of falls. In order to reduce the risk of falls due to the use 
of painkillers in the older individuals, doctors should fully 
inform patients of the risks involved when prescribing 
painkillers, such as opioids, for the treatment of chronic 
pain; patients should use painkillers reasonably under 
the guidance of their doctors, pay attention to the dos-
age of the drugs and the duration of the medication, and 
avoid going out alone for a certain period of time after 
taking the medication, so as to minimize the risk factors 
for falls.

In addition to the inclusion of the above factors as 
predictors in the prediction model construction, the 
results of this study also found differences between the 
falls population non-falls population in terms of gen-
der, place of residence, smoking status, sleep quality, 
visual acuity, HTN, DBS, LivrD, HD, DigestD, MentalD, 
AR, and Asthma.Some of the previous findings include 
women as one of the risk factors for hip fracture. Jerng 
et al. recruited older individuals residents in a long-
term care facility in Taiwan to conduct a multivariate 
analysis to identify factors associated with falls, and the 
results showed that gender had a significant relation-
ship with the risk of falls [65]. Yao et al.‘s results showed 
a statistically significant difference in the association 
between frailty status and falls between the male and 
female groups (male OR: 1.49, 95% CI: 0.71–3.13; female 
OR: 7.54, 95% CI: 1.13–50.32, p for interaction = 0.035), 
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revealed an interaction effect of gender on the increased 
incidence of falls [66]. zhou et al. showed that the main 
risk factor for falls in stroke survivors was female [67]. 

The impact of living conditions on the older individu-
als has been controversial. Ursenbach et al. showed that 
falls were not associated with rural residence or age [68], 
whereas Zhao et al. showed significant differences in 
place of residence, living alone and falls [69]. Ding et al. 
also found that specific variables such as gender (male), 
residence with elevator (or lift), and sleep quality (accept-
able/poor) were negatively associated with falls, which is 
generally consistent with the results of the present study 
[70], suggesting that there is a higher risk of falls in the 
older individuals living in rural areas than in urban areas.

Smoking is generally recognized as a risk factor for 
declining quality of life in older individuals, leading to 
impaired neuromuscular function and decreased balance; 
it also increases the probability of adverse outcomes such 
as hypertension, coronary heart disease, and cognitive 
impairment in older individuals [71], all of which con-
tribute to an increased risk of falls. Jonas et al. showed 
that higher self-reported prevalence of unintentional 
injuries and falls was associated with higher number of 
smoking packs (OR: 1.01, P = 0.001) [72]. The results of 
a prospective cohort study conducted by Zhao et al. in 
27 villages in rural Ningxia, China, suggest that smok-
ing is a risk factor for falls among the older individuals in 
rural China [73]. Our study shows that the risk of falls in 
elderly smokers is lower than that of non-smokers. The 
reason for this is that nicotine released from smoking 
can stimulate the brain, making it in a state of euphoria 
and pleasure, thus making it difficult to fall into negative 
emotions such as fear of falling, which may reduce the 
risk of falling to a certain extent, and it will be necessary 
to explore the correlation between smoking and falling in 
the future.

Low vision is a major global health problem that affects 
the personal, economic, psychological, and social lives 
of individuals. Abraham et al. conducted a review study 
review aimed at determining the overall prevalence of 
falls and associated factors in individuals with low vision 
globally, and the results showed that the risk of falls 
increased significantly with increasing visual impair-
ment [74]. And Ehrlich et al. showed that the prevalence 
of falls was associated with poor contrast sensitivity, but 
not with near or far vision [75]. Participants in this study 
our results were similar to those of previous studies, 
with a higher rate of falls in the self-reported poor vision 
population (22.71%) than in the self-reported good vision 
population (17.18%), but but due to the limitations of the 
database, our assessment of visual acuity was based only 
on subjective reports of near and far vision and did not 
take into account other visual problems (e.g., contrast 
sensitivity, visual field, etc.), which may have a important 

impact, so further research into the relationship between 
falls and visual acuity is still needed.

The results of this study show that there are differences 
in multiple chronic disease states between the falls and 
non-falls populations. Currently, the prevalence of mul-
tiple chronic diseases among Chinese older individu-
als has reached 53.8%, and the number of people with 
multiple chronic diseases is 2.4 times higher than that 
of people with a single chronic disease, and with the 
increase in the number of diseases, there will be more 
incapacitation, disability, mental stress, and other health 
losses, and some chronic diseases or coexisting multiple 
diseases, such as osteoporosis, hypertension, COPD, dia-
betes mellitus, stroke, urinary incontinence, and cardio-
vascular disease, are also Risk factors for falls [76, 77]. 
Pharmacologic factors are one of the most important 
risk factors that can be intervened to reduce the risk of 
falls in older individuals today [78–81]. Cross-sectional 
studies based on U.S. Medicare data have shown that the 
incidence of falls among drug users is as high as 10.29% 
compared to the 5.42% incidence of falls among the drug-
naïve population(people not taking drugs) [82]. Against 
the backdrop of the high prevalence of multiple chronic 
diseases among Chinese older individuals, streamlining 
the types and number of medications taken can have a 
significant effect on preventing many adverse outcomes, 
including falls, but we believe that reducing chronic dis-
ease prevalence by preventing and treating chronic dis-
eases may be a better way to address the root causes of 
this problem than reducing the number of medications 
taken directly.

Research into falls prevention, both nationally and 
internationally, has shown that effective interventions 
include health education [83], exercise and physiotherapy 
[84], and environmental modifications [85]. However, 
nomogram for predicting falls in older individuals based 
on CHARLS population data have not been reported 
previously. Nomogram are a predictive model commonly 
used in clinical research that use planar coordinates con-
nected by discontinuous line segments to represent func-
tional relationships between variables and can be applied 
to predict the probability of clinical outcome events. 
Nomogram can specifically quantify the probability of 
outcome risk in the form of a cumulative score, which 
can provide a personalised risk assessment for each indi-
vidual, while being relevant and generalisable. In this 
study, the results showed that the older adult popula-
tion with less sleep, poor hearing, poor grip strength, low 
ADL scores, low cognitive ability, poor health, comorbid 
kidney disease, and pain medication were more likely to 
fall, with some of the risk factors being consistent with 
previous findings.The prediction model was constructed 
based on these nine factors affecting the risk of falls in 
the older individuals, showing good discriminatory 



Page 12 of 14Liang et al. BMC Geriatrics          (2025) 25:170 

ability, calibration and clinical validity, which is valuable 
for the effective identification of Chinese elderly indi-
viduals with a high risk of fall incidence. As an efficient 
and accurate assessment tool, our prediction model can 
identify fall-risk populations as soon as possible and is 
suitable for risk screening of large populations for early 
detection, prevention and intervention.

Second, this study is based on a cross-sectional design 
of the CHARLS database, which has inherent limitations, 
such as the inability to determine causality or directional-
ity. For example, poor physical health, depression, anxi-
ety, activity limitations, and fear of falling may increase 
the risk of falls, but serious injuries related to falls may 
also contribute to these problems [86]. Third, The pres-
ent study, with reference to Pereira et al., only included 
risk factors that have a small impact on health status in 
the short term [87], however, potential confounders such 
as hip fracture, gait, home environment, mobility, pub-
lic environment, social status and economic conditions 
were not statistically analyzed, which limits the reliabil-
ity of the model to a certain extent, and the above factors 
are also considered to be risk factors for falls [88]. In the 
future, consider incorporating more factors associated 
with falls, using multiple databases for joint validation, 
and exploring the use of more advanced statistical meth-
ods to improve the predictive performance of the model.

Conclusion
In this study, we constructed a nomogram model based 
on the CHARLS database to predict the risk of falls 
in Chinese older adults. The model showed moderate 
discriminatory ability (AUC = 0.644). However, cross-
sectional design, recall bias, and self-reported fall defini-
tions limited the full assessment of the model’s predictive 
ability. Future studies need to use longitudinal design, 
multi-centre validation and optimisation of the model to 
improve predictive performance. Despite its limitations, 
the model provides a preliminary tool for identifying 
high-risk individuals and has some application.
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