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Background: Falls are a major public health concern for older adults, impacting health. Frailty and malnutrition are widely studied 
variables closely linked to fall risk. While the individual links of these factors with fall risk are known, their combined effects and 
quantitative relationships remain poorly understood. This study aimed to explore the interactive effects of malnutrition and frailty on 
fall risk among older adults.
Methods: This study involved the recruitment of 13,970 older adults from 10 communities, who were assessed using the frailty score, 
the Mini-Nutritional Assessment Scale, and the STEADI tool. Multiplicative interactions were calculated through logistic regression. 
Additive interactions were evaluated using the relative excess risk (RERI), attribution ratio (AP), and synergy index (SI).
Results: 24.1% of participants were identified as having high fall risk. Frailty and malnutrition each independently correlate with fall 
risk. Compared with participants who were non-frail and well-nourished, those with coexisting frailty and malnutrition had sig
nificantly higher odds of high fall risk (OR = 15.83, 95% CI: 11.77–21.28). A significant multiplicative interaction between frailty and 
malnutrition was confirmed (OR = 1.064, 95% CI: 1.047–1.082). Significant positive additive interaction was also identified: RERI = 
1.58 (95% CI: 0.19–2.96), AP = 0.10 (95% CI: 0.01–0.19), and SI = 1.18 (95% CI: 1.02–1.36).
Conclusion: Frailty and malnutrition are correlated with high fall risk in older adults, with a modest positive interaction observed 
between the two conditions, offering empirical support for the development of comprehensive fall prevention and management 
strategies.
Keywords: older adults, frailty, malnutrition, falls, interaction

Background
With the accelerated global aging process, maintaining and enhancing the quality of life for older adults has emerged as 
a critical issue in public health. Among the various health problems affecting this demographic, falls represent 
a prevalent and serious form of unintentional injury. Falls not only directly elevate the risk of disability and mortality 
but also significantly undermine quality of life.1,2 Studies indicate that approximately 26.5% of older adults worldwide 
experience at least one fall annually; in China, the incidence of falls among individuals aged 60–79 years has reached 
10.5%, with this rate trending upward as age increases.3,4 Consequently, preventing falls has become a pivotal challenge 
in the health management of older adults.5 In existing research related to the prevention of falls among older adults, some 
scholarshave applied the STEADI tool to specialized assessment of fall risk in older adults. Standardized, systematic 
screening and stratified evaluation enable accurate identification of high-risk groups and development of targeted 
management plans. It effectively compensates for the one-sidedness and subjectivity of traditional empirical assessments, 
ultimately achieving a significant reduction in the actual incidence of falls among older adults.6 Thereby, it prevents 
a series of adverse outcomes such as disability, decline in quality of life, and increased medical burdens caused by falls, 
substantially enhancing older adults’health management efficacy and conserving public health resources.
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Frailty is a geriatric syndrome characterized by reduced physiological reserve, multisystem functional decline, and 
increased vulnerability.7,8 The primary physiological changes it induces include loss of muscle mass, decreased muscle 
strength, balance control disorders, and abnormal gait.9,10 These functional impairments directly compromise the body’s 
capacity to initiate emergency responses and regulate movements during sudden external events, such as navigating 
slippery surfaces, abrupt changes in posture, or avoiding obstacles. Concurrently, frailty significantly diminishes 
coordination in daily activities, thereby being a key factor associated with falls among older adults. A study11 conducted 
on older adults residing in Chinese communities substantiated this assertion, revealing a significant positive correlation 
between frailty scores and fall risk. Specifically, for each 1-point increase in frailty scores, the risk of falls escalated by 
53% (OR = 1.53, 95% CI: 1.41–1.66). Another study12 revealed that among individuals with both frailty and myasthenia, 
the incidence of falls reached 67.9%, significantly exceeding the rates observed in the frailty-only group (60%) and the 
myasthenia-only group (59.2%). The coexistence of these conditions elevates the risk of falls to several times that 
associated with a single factor (adjusted OR = 20.45, 95% CI: 6.02–46.69). This finding suggests that frailty does not 
occur in isolation.13 Its relationship with falls arises not only from the direct effects of physiological degeneration but 
may also involve additional factors linked to frailty, such as malnutrition and the presence of multiple comorbidities. 
Moreover, an increasing body of evidence14 suggests that frailty is not an inevitable aspect of aging but rather 
a modifiable condition that can be reversed or delayed through targeted interventions. Consequently, elucidating the 
characteristics and mechanisms underlying the association between frailty and fall risk in the elderly holds significant 
clinical importance and practical value for developing precise and effective fall prevention strategies.

Malnutrition represents a prevalent and often overlooked health issue among the elderly, with its association with falls 
and fall risk corroborated by numerous studies.15,16 Research conducted by Biggin K et al17 has demonstrated that 
malnutrition, characterized by deficiencies in protein, vitamin D, and calcium, can adversely affect muscle mass and 
strength in older adults. This decline directly compromises gait stability and balance regulation, making it increasingly 
challenging for individuals to maintain homeostasis during postural changes or external disturbances. Furthermore, 
another study18 revealed a significant gender difference in fall risk after controlling for confounding variables such as 
age, body mass index (BMI), and muscle strength. Additionally, micronutrient deficiencies associated with malnutrition, 
including vitamin B12, can impair neurotransmitter synthesis,19 subsequently affecting memory and attention in older 
adults. This impairment diminishes their capacity to anticipate environmental risks and respond to emergencies. More 
importantly, malnutrition can also induce or perpetuate a low-grade systemic inflammatory state within the body. This 
chronic inflammatory microenvironment accelerates muscle protein breakdown, inhibits synthesis, and hampers tissue 
repair.20 Consequently, this pathological process undermines skeletal muscle health, leading to sarcopenia and osteo
porosis, which significantly heightens the risk of falls and fractures.

Notably, Malnutrition and frailty frequently coexist in the elderly population.21,22 This association is not coincidental; 
rather, it results from the physiological degeneration of multiple systems within the aging body, the interplay of 
pathological conditions, and alterations in behavioral patterns. Consequently, this phenomenon has garnered significant 
attention from researchers in geriatrics and lifestyle medicine. A cohort study23 focused on community-dwelling elderly 
individuals elucidated the combined effect of these two conditions on fall risk, revealing that the incidence of falls among 
those with comorbidities was markedly higher than that among individuals with a single disease or those who were 
healthy. A follow-up study after orthopedic surgery in older adults24 identified the combination of frailty and malnutrition 
was independently associated with major postoperative complications, with its predictive value surpassing that of any 
single indicator. Clinical studies concentrating on intervention25,26 have preliminarily demonstrated that lifestyle mod
ifications, including optimized protein and vitamin D intake alongside resistance and balance training, can effectively 
address the comorbidity of malnutrition and frailty, thereby reducing the risk of falls among older adults. In addition, fall 
risk in older adults is multifactorial, involving medication burden, orthostatic hypotension, visual impairment, vestibular/ 
balance disorders, peripheral neuropathy, and other geriatric syndromes.27 This further indicates that malnutrition and 
frailty may exert a interaction via multisystem pathological changes, which together mediate the elevated fall risk among 
older adults. However, most studies have primarily examined European and American populations, focusing on the 
qualitative relationship between frailty and malnutrition concerning fall risk. Quantitative analysis regarding the 
combined multiplicative and additive effects of these factors on falls remains scarce. Therefore, this study seeks to 
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quantitatively assess the multiplicative and additive interactions of frailty and malnutrition in older individuals, clarify 
their interactive characteristics, and offer empirical support for developing tailored comorbidity management approaches 
for the older adults.

Research Design and Methods
Study Design and Participants
This study adopted a cross-sectional design. From October 2022 to September 2023, a convenience sampling method was 
used to recruit older adults aged 60 years and above from Zunyi City, Guizhou Province, China. The inclusion criteria were 
as follows: (1) aged ≥ 60 years; (2) clear consciousness and ability to communicate normally; (3) provision of informed 
consent and voluntary participation. The exclusion criteria included: (1) a history of severe mental illness or severe 
cognitive impairment that prevented effective communication; (2) presence of acute critical conditions (including shock, 
respiratory failure, acute heart failure, acute myocardial infarction, stroke, etc.) that made it impossible to participate in the 
survey; (3) acute exacerbation of chronic diseases or terminal stage of illness (expected lifespan < 3 months).

By reviewing the literature,28 we identified that the prevalence of falls among older adults in China is approximately 
19.3%. With a 95% confidence level (Z = 1.96) and a margin of error (δ) of 0.01, the minimum required sample size was 
calculated to be 5, 987. To account for potential design effects and to ensure sufficient statistical power for complex 
subgroup and interaction analyses, a final sample of 13, 970 participants was included.

Research Instruments
General Information Questionnaire
This questionnaire primarily collected sociodemographic and other relevant data, including: gender, age, BMI, education 
level, marital status, number of children, type of residence area, living arrangement, alcohol consumption, smoking 
status, social activities, physical exercise, and social support.

Activity of Daily Living Scale
We used the Barthel Index (BI) to evaluate the activities of daily living of older adults. This scale was developed to 
assess older adults’ self-care abilities.29 It covers a range of basic daily activities including using the toilet, dressing, and 
bathing. The total score of the scale ranges from 0 to 100, and a higher score indicates a higher level of functional 
independence. According to the standard cut-off values: a score above 60 points means the participant has basic self-care 
ability; scores between 40 and 59 points indicate the need for partial assistance; scores between 20 and 39 points mean 
significant assistance is required; a score below 20 points represents complete dependence on others. Previous studies30 

have confirmed that this scale has good reliability and validity when applied to older adult populations.

Frailty Scale (FRAIL)
This scale was developed by Morley JE et al31 in 2012 as a simple and practical tool for assessing frailty status in older 
adults; it consists of 5 questions: fatigue, difficulty climbing stairs, difficulty walking 500 meters, having more than 5 
diseases, and weight loss exceeding 3 kilograms. A score of 1 is given for a “yes” response and 0 for a “no” response, 
with a total score ranging from 0 to 5. A score of 0 indicates no frailty, 1 to 2 points indicate pre-frailty, and 3 points or 
more indicate frailty. This scale has been shown to have good reliability and validity in previous studies.32

Mini Nutritional Assessment Short-Form (MNA-SF)
This tool is used for the rapid screening of malnutrition risk in older adults and consists of 6 items,33 which assess weight 
loss, BMI, mobility, acute stress, neuropsychological problems, and appetite, respectively. The total score ranges from 0 
to 14 points, and can be divided into three categories based on cut-off values: a score of 12–14 points indicates good 
nutritional status, 8–11 points indicates malnutrition risk, and 0–7 points indicates malnutrition. This short form has been 
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shown to have good reliability and validity in other studies,34 can be completed in approximately 3–5 minutes, and is 
suitable for various settings.

Stopping Elderly Accidents, Deaths & Injuries (STEADI)
Fall risk was screened using the Chinese version of the STEADI initiative’s self-assessment questionnaire.35 This 12-item 
dichotomous (yes/no) tool scores the first two items 2 points each and the remaining ten 1 point each, for a total of 14. 
A score ≥ 4 indicates high fall risk, and the scale has demonstrated good reliability and validity in Chinese older adults.35

Survey Methods
Data were collected via questionnaire by five trained staff using a standardized protocol. After detailed explanation and 
obtaining informed consent, participants completed the survey independently. For those unable to self-report, staff adminis
tered the questionnaire verbally. Assistance was provided throughout to ensure comprehension. We distributed a total of 14, 
256 questionnaires in this study and ultimately retrieved 13, 970 valid ones, with a questionnaire recovery rate of 98.0%.

Statistical Analysis
Data entry and processing were performed using SPSS 29.0 and Excel. Between-group comparisons of fall risk across 
different demographic characteristics were conducted using chi-square tests or t-tests, as appropriate. Two logistic regression 
models were constructed: Model 1 was unadjusted, while Model 2 controlled for demographic and other confounding 
variables. The dependent variable was high risk of falls (no = 0, yes = 1). Independent variables included nutritional status 
(with normal nutrition as the reference) and frailty level (with non - frailty as the reference). Collinearity diagnostics were 
conducted for all independent variables in the logistic regression models, including frailty score, MNA-SF score and relevant 
covariates. All variance inflation factor (VIF) values were below 2.5, which demonstrated the absence of serious multi
collinearity among predictors. Adjusted odds ratios (ORs) and 95% confidence intervals (CIs) were reported.

Furthermore, an interaction term (frailty × malnutrition) was introduced into Model 2. For multiplicative interaction 
analysis, the FRAIL score and MNA-SF total score were treated as continuous variables. A multiplicative interaction was 
considered statistically significant if the 95% CI of the OR for the interaction term did not include 1.

The Andersson Excel tool was used to assess additive interaction effects. We calculated and reported the relative 
excess risk due to interaction (RERI), attributable proportion due to interaction (AP), and synergy index (SI). Nutritional 
status and frailty status were converted into categorical variables for this analysis. In general, a significant additive 
interaction is identified when the 95% confidence intervals (CIs) of RERI and AP do not contain 0, and the 95% CI of SI 
does not contain 1. The significance level was set at P < 0.05.

Regarding missing data, participants with any missing information on the variables included in the logistic regression 
models (ie., frailty, nutritional status, and all covariates) were excluded from the multivariate analyses. Given the large 
sample size and low overall missing rate in this field survey, no data imputation was performed.

Results
Baseline Characteristics
The study included 13, 970 older adults (7, 084 males). The prevalence of high fall risk, frailty, and malnutrition was 
24.1% (n = 3, 371), 14.0% (n = 1, 950), and 3.4% (n = 480), respectively. As shown in Table 1, results revealed 
significant differences (P < 0.05) between fall risk and age, sex, marital status, education, residence, number of children, 
smoking, alcohol use, social activities, physical exercise, and social support.

Correlations Among Frailty, Nutritional Status, and Falls Risk in Older Adults
In univariable logistic regression, both frailty and malnutrition were significantly associated with falls (P < 0.001). These 
associations persisted in a multivariable model adjusted for age, sex, education, marital status, number of children, 
residence, income, smoking, alcohol use, social activities, and physical exercise (Table 2).
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Table 1 Comparative Analysis of Baseline Characteristics

Variables Total  
(n = 13970)

Low Fall Risk  
(n = 10599)

High Fall Risk  
(n = 3371)

Statistic  
(Z/χ2)

P

Age, Median (P25, P75) 71.0 (66.0, 76.0) 69.0 (65.0, 74.0) 75.0 (70.0, 80.0) −32.126 < 0.001

Sex, n (%) 19.759 < 0.001

Male 7084 (50.71) 5487 (51.77) 1597 (47.37)
Female 6886 (49.29) 5112 (48.23) 1774 (52.63)

Marital Status, n (%) 118.225 < 0.001

Married 11928 (85.38) 9244 (87.22) 2684 (79.62)
Other 2042 (14.62) 1355 (12.78) 687 (20.38)

Education Level, n (%) 114.089 < 0.001
Primary school or below 9353 (66.95) 6843 (64.56) 2510 (74.46)

Junior high school 2782 (19.91) 2251 (21.24) 531 (15.75)

Senior high school 1358 (9.72) 1117 (10.54) 241 (7.15)
University or above 477 (3.41) 388 (3.66) 89 (2.64)

Place of residence, n (%) 6.542 0.011

Urban 7139 (51.10) 5481 (51.71) 1658 (49.18)
Rural 6831 (48.90) 5118 (48.29) 1713 (50.82)

Living arrangement, n (%) 0.153 0.696

Living with others 12869 (92.12) 9769 (92.17) 3100 (91.96)
Living alone 1101 (7.88) 830 (7.83) 271 (8.04)

Smoking, n (%) 22.952 < 0.001

No 11507 (82.37) 8638 (81.50) 2869 (85.11)
Yes 2463 (17.63) 1961 (18.50) 502 (14.89)

Alcohol consumption, n (%) 24.131 < 0.001

No 12166 (87.09) 9147 (86.30) 3019 (89.56)
Yes 1804 (12.91) 1452 (13.70) 352 (10.44)

Number of children, n (%) 190.270 < 0.001

None 134 (0.96) 106 (1.00) 28 (0.83)
One 1907 (13.65) 1619 (15.28) 288 (8.54)

Two 4641 (33.22) 3669 (34.62) 972 (28.83)

Three or more 7288 (52.17) 5205 (49.11) 2083 (61.79)
Monthly household income, n (%) 29.175 < 0.001

< 2000 6780 (48.53) 5085 (47.98) 1695 (50.28)

2000–3000 2751 (19.69) 2051 (19.35) 700 (20.77)
3000–4000 1896 (13.57) 1429 (13.48) 467 (13.85)

> 4000 2543 (18.20) 2034 (19.19) 509 (15.10)

Social activities, n (%) 365.971 < 0.001
None 5168 (36.99) 3562 (33.61) 1606 (47.64)

1–3 days/week 3655 (26.16) 2694 (25.42) 961 (28.51)

4–6 days/week 2275 (16.28) 1857 (17.52) 418 (12.40)
Daily 2872 (20.56) 2486 (23.46) 386 (11.45)

Physical exercise, n (%) 629.128 < 0.001

None 3339 (23.90) 2098 (19.79) 1241 (36.81)
1–3 days/week 3324 (23.79) 2355 (22.22) 969 (28.75)

4–6 days/week 2373 (16.99) 1970 (18.59) 403 (11.95)

Daily 4934 (35.32) 4176 (39.40) 758 (22.49)
Nutritional status, n (%) 1210.504 < 0.001

Good nutritional status 9472 (67.80) 7925 (74.77) 1547 (45.89)

Malnutrition risk 4018 (28.76) 2524 (23.81) 1494 (44.32)
Malnutrition 480 (3.44) 150 (1.42) 330 (9.79)

(Continued)
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Interaction Effects
Multiplicative Interaction Between Frailty and Malnutrition
Logistic regression models assessed the multiplicative interaction between frailty and malnutrition on fall risk. All 
confounding variables were determined in advance by multinomial logistic regression and included as covariates 
(Detailed results in Supplementary Table 1). The unadjusted model (Model 1) showed significant main effects for frailty 
and malnutrition, and a significant interaction term (all P < 0.05). In the adjusted model (Model 2, controlling for 
sociodemographic and lifestyle factors), the main effects and the multiplicative interaction remained statistically 
significant (Table 3, P < 0.05).

Additive Interaction Effects Between Frailty and Malnutrition
Additive interaction was assessed by including frailty and malnutrition as dummy variables in regression models, using 
robust and well-nourished participants as the reference. In unadjusted analyses, the odds ratios (ORs) for falls were 
substantially elevated for malnutrition alone, frailty alone, and their combination. These associations remained significant 

Table 1 (Continued). 

Variables Total  
(n = 13970)

Low Fall Risk  
(n = 10599)

High Fall Risk  
(n = 3371)

Statistic  
(Z/χ2)

P

Frailty status, n (%) 2990.708 < 0.001
Non-frail 12020 (86.04) 10,078 (95.08) 1942 (57.61)

Frail 1950 (13.96) 521 (4.92) 1429 (42.39)

Notes: Continuous variables are presented as median (P25, P75); categorical variables are reported as n (column percentage). Z test was used 
for continuous variables, χ2-test for categorical variables.

Table 2 Logistic Regression Analysis of Frailty, Malnutrition, and Falls in Older Adults

Variables Univariate Logistic Regression Analysis Multivariate Logistic Regression Analysisa

OR (95% CI) P OR (95% CI) P

Frailty

No 1.000 1.000
Yes 12.737 (11.370 ~ 14.269) < 0.001 10.758 (9.542 ~ 12.128) < 0.001

Malnutrition

No 1.000 1.000
Yes 2.807 (2.217 ~ 3.554) < 0.001 2.257 (1.771 ~ 2.876) < 0.001

Notes: aAdjusted for age, sex, education level, marital status, number of children, place of residence, monthly household income, 
smoking, alcohol consumption, social activities, and physical exercise. Frailty and malnutrition were treated as categorical variables in 
this analysis. Participants at risk of malnutrition and those with confirmed malnutrition were merged into a single malnourished 
group, with participants having good nutritional status as the reference group.

Table 3 Multiplicative Effects of Frailty and Malnutrition on Fall Risk in Elderly Adults

Variables Model 1 Model 2a

OR (95% CI) P OR (95% CI) P

Frailty score 1.232 (1.021 ~ 1.487) 0.030 1.319 (1.088 ~ 1.599) 0.005

MNA-SF score 0.769 (0.740 ~ 0.798) < 0.001 0.805 (0.774 ~ 0.837) < 0.001
Interaction term 

(Frailty × Malnutrition)

1.075 (1.058 ~ 1.093) < 0.001 1.064 (1.047 ~ 1.082) < 0.001

Notes: Frailty score and MNA-SF total score were entered as continuous variables for multiplicative interaction 
analysis. A higher MNA-SF total score indicates better nutritional status; accordingly, a lower score represents 
poorer nutritional status. aAdjusted for age, sex, education level, marital status, number of children, place of 
residence, monthly household income, smoking, alcohol consumption, social activities, and physical exercise.
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after adjustment for sociodemographic and lifestyle factors (Table 4). Measures of additive interaction (RERI, AP, SI) 
were calculated with 95% CI. The interaction indices for Model 1, namely RERI, AP, and SI, had OR (95% CI) values of 
2. 572 (0.804–4.340), 0.117 (0.037–0.197), and 1.23 (1.05–1.44), respectively. For Model 2, the estimated measures of 
additive interaction were RERI = 1.575 (95% CI: 0.192–2.958), AP = 0.099 (95% CI: 0.012–0.186), and SI = 1.18 (95% 
CI: 1.02–1.36). These results indicate that the coexistence of frailty and malnutrition significantly increases the risk of 
falls, demonstrating a statistically significant but modest positive additive interaction.

Discussion
Distribution and Demographic Characteristics of Populations at High Risk of Falls
This study show that among the enrolled older adults, 24.1% are at high risk of falls. This proportion is close to the 
previously reported 26.5%36 but higher than the 14.3% fall prevalence among community-dwelling older adults in China 
reported by Wang et al37 This may be closely related to assessment tools and sample characteristics. On the one hand, 
this study utilized the Chinese version of the STEADI tool for assessment. On the other hand, the research included 
participants from medical institutions, communities, and senior care facilities. Older adults in these environments often 
present with advanced age, multiple chronic conditions, and complex medication regimens, which collectively raise the 
overall risk profile. In addition, this study also found that multiple sociodemographic and behavioral factors, such as age, 
gender, educational level, social activities, and physical exercise, are significantly associated with the fall risk of older 
adults, this is consistent with the conclusions of previous studies.38 Among them, the mean age of older adults in the high 
fall-risk group (75.0 years) was significantly higher than that in the low fall-risk group (69.0 years). This suggests that 
age-related declines in physiological functions, such as reduced gait stability,39 muscle mass loss,40 and diminished 
sensorimotor integration ability,41 may be directly associated with falls. The phenomenon that females have a higher fall 
risk than males may be associated with the accelerated decline in bone mineral density and muscle mass resulting from 
decreased estrogen levels after menopause.42 Accordingly, older adults in communities, elderly care facilities and 
medical institutions face a relatively higher risk of falls. The formulation of fall prevention and control strategies should 
comprehensively take into account sociodemographic and behavioral factors. By implementing personalized risk screen
ing and targeted health interventions, this study provides practical references for developing a scientific and efficient fall 
prevention and control system for the older adults.

Independent Associations of Frailty, Malnutrition, and Fall Risk
Findings of this study indicated that after adjusting for multiple confounding factors including age and gender, both frailty and 
malnutrition were independently associated with screened high fall risk among older adults. Specifically, frail older adults had 
a 10.758-fold higher risk of falling compared with non-frail individuals (adjusted OR = 10.758, 95% CI: 9.542–12.128), which 
was higher than the 3.43 - fold risk reported by Jiang et al11 In addition to the advanced age, heavy comorbidity burden of the 
study population, construct and item overlap across assessment scales is another critical factor contributing to the relatively 
high effect sizes observed in our study. The FRAIL scale for frailty includes items regarding difficulty climbing stairs and 
walking long distances, which evaluate lower-limb function, walking ability and balance. These functional domains also 

Table 4 Additive Effects of Frailty and Malnutrition on Fall Risk in Older Adults

Groups Low Fall Risk 
n (%)

High Fall Risk 
n (%)

Model 1 Model 2a

OR (95% CI) P OR (95% CI) P

Non-frail + Normal nutrition 7690 (72.55) 1087 (32.25) 1.000 - 1.000 -

Non-frail + Malnourished 2388 (22.53) 855 (25.36) 4.759 (3.501 ~ 6.469) < 0.001 3.710 (2.682 ~ 5.133) < 0.001
Frail + Normal nutrition 235 (2.22) 460 (13.65) 13.731 (12.196 ~ 15.459) < 0.001 11.544 (10.187 ~ 13.083) < 0.001

Frail + Malnourished 286 (2.70) 969 (28.75) 22.062 (16.606 ~ 29.312) < 0.001 15.829 (11.772 ~ 21.284) < 0.001

Notes: aAdjusted for age, sex, education level, marital status, number of children, place of residence, monthly household income, smoking, alcohol consumption, social 
activities, and physical exercise. Frailty and malnutrition were treated as categorical variables in this analysis. Participants at risk of malnutrition and those with confirmed 
malnutrition were merged into a single malnourished group, with participants having good nutritional status as the reference group.
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constitute the core components of the STEADI fall risk assessment tool. Repeated measurement of physical dysfunction by the 
two instruments introduces measurement bias and overestimates the strength of the association between frailty and fall risk. 
Although collinearity diagnostics ruled out severe multicollinearity among variables, it cannot eliminate systematic bias 
resulting from overlapping measurement domains. Objectively, this limitation only overestimates the strength of associations 
to a certain extent. Future studies may adopt multiple approaches such as stratified analysis and sensitivity analysis to further 
control the interference caused by scale overlap and achieve more accurate estimation of effect sizes. For malnourished older 
adults, their fall risk was 2.257 times that of those with normal nutritional status (adjusted OR = 2.257, 95% CI: 1.771–2.876), 
a slight increase over the 1.978-fold risk documented by Meijers et al,43 which also points to population-specific differences in 
the fall-inducing effect of malnutrition From the perspective of independent association mechanisms, frailty may mainly affect 
the physiological reserve of older adults, leading to muscle loss, decreased balance ability, abnormal gait, and cognitive 
decline, while also reducing their ability to respond to unexpected events, thereby being independently associated with 
elevated fall risk. Malnutrition may reduce muscle protein synthesis, decrease bone strength, and affect neuromuscular 
function, leading to insufficient muscle strength and increased skeletal fragility in older adults. It may also be accompanied by 
symptoms such as anemia and fatigue, further impairing older adults’ mobility and balance, and ultimately being indepen
dently associated with higher fall risk. The pathways of their effects are independent and each has its own focus. Both 
influence fall risk in older adults by affecting core physiological functions (such as mobility, balance, and emergency 
responses). This characteristic of independent association provides important support for the development of targeted 
prevention and control measures, suggesting that healthcare professionals need to pay attention to the assessment and 
management of both.

The Interaction Between Frailty and Malnutrition and Its Association with Fall Risk
Findings of this study further demonstrated that, with older adults who were non-frail and had normal nutritional status as the 
reference, the presence of frailty or malnutrition alone was associated with an increased fall risk by 11.544-fold and 3.710-fold, 
respectively (adjusted ORs), which were higher than the values reported by Yang et al44 In contrast, the concurrent presence of 
both conditions led to a marked increase in fall risk by 15.829-fold. The interaction indicators also show that the relative excess 
risk due to interaction (RERI) is 1.575 (95% CI: 0.192–2.958), the attributable proportion (AP) is 0.099 (95% CI: 0.012– 
0.186), and the synergy index (SI) is 1.18 (95% CI: 1.02–1.36). These results indicated that frailty and malnutrition produce 
more than a simple additive independent effect, presenting a statistically significant but modest positive additive interaction, 
which is consistent with the trend observed by Larissa Amorim Almeida et al45 in community-dwelling older adults. However, 
this study firstly quantifies the magnitude and attributable proportion of the additive interaction between frailty and nutritional 
status on the risk of falls in older adults through different combinations of frailty and nutritional status. In addition, the 
coefficient of the interaction term frailty × malnutrition in logistic regression is also significantly positive, indicating that 
a multiplicative interaction exists in terms of relative risk. The coexistence of the two models is not contradictory, but rather 
reveals the interplay of frailty and malnutrition on the risk of falls in the older adults from both the “excess case” and “relative 
risk” dimensions. The potential mechanisms of these two interactions may can be attributed in state of frailty, older adults may 
experience inadequate nutritional intake due to decreased physical activity and impaired digestive and absorptive functions, 
which exacerbates malnutrition; in turn, malnutrition may accelerates the frailty process by reducing muscle synthesis and 
lowering physiological reserves, creating a vicious cycle of frailty, malnutrition and progressive functional decline, which is 
correlated with elevated fall risk. Quantifying this attributable proportion provides a new perspective for understanding the 
public health significance of these interactions. Future research could use methods based on marginal structural models or 
interaction dose-response surface approaches to further quantify the absolute risk difference and population attributable risk 
under different frailty-nutrition combination states. This would help more precisely identify high-risk subgroups and provide 
more refined quantitative evidence for comprehensive fall prevention interventions for older adults.

Conclusions and Limitations
This cross-sectional analysis explored multiplicative and additive interactions between frailty, malnutrition and high fall 
risk among older adults. Statistically significant modest positive interactions were identified between frailty and 
malnutrition. Older adults with concurrent frailty and malnutrition presented higher odds of high fall risk. The findings 
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highlight the value of multi-dimensional assessment of frailty and nutritional status when conducting fall risk screening 
for older adults. However, this study still has certain limitations: first, the cross-sectional design cannot clarify the causal 
relationship between frailty, malnutrition, and falls. Future studies need to track the dynamic changes of the three through 
prospective cohort studies to verify the temporal sequence of their interaction; second, the sample comes from Zunyi 
City, Guizhou Province, China, which may be influenced by regional economic conditions, medical resources, and other 
factors, leading to potential bias; third,we adjusted for conventional confounders including sex and physical exercise, but 
did not measure and include several well-recognized fall risk factors: orthostatic hypotension, burden of anticholinergic 
and sedative medications, vestibular and balance disorders, visual impairment, and peripheral neuropathy. The exclusion 
of these key indicators may lead to residual confounding and compromise the accuracy of effect estimates. Future studies 
should collect these clinical indicators to achieve more comprehensive confounding adjustment.
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