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Abstract  

Poor nutrition is linked to frailty and both poor nutrition and frailty are recognized risk 

factors for falls. This study examined the association between dietary protein intake and 

subsequent reported falls in community-dwelling older Americans with a history of falls. 

Other nutritional, functional, and sociodemographic-related variables were also considered 

in our model. This was a retrospective analysis using data from the U.S. Health and 

Retirement Study (HRS) and Health Care and Nutrition Study (HCNS), both funded by the U.S. 

National Institute on Aging. The study population (n=3,859) was community-dwelling older 

adults, aged >65 years, who reported ever experiencing a fall on the 2012 HRS and had also 

completed the 2013 HCNS and 2014 HRS. Univariable logistic models were created for all 
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variables of interest; variables approaching statistical significance (p < 0.1) were included in 

the initial multivariable logistic model. Backwards selection (cut-off of p<0.05) was used to 

create the final model. The incidence of subsequent fall(s) was 13% greater among 

individuals with very low protein intake (< 0.4 gm/kg/day protein) compared to those with 

higher protein intake (69.2% vs 56.2%, p=0.02). Male gender, living with a partner, weight 

loss of at least 10 lbs since the last HRS, and low Vitamin D intake were also associated with 

reporting subsequent fall(s). Older adults reporting very low protein intake had odds of 

subsequent fall(s) that were 1.65 times that of older adults not reporting very low protein 

intake, after adjusting for age, sex, weight loss, and difficulty performing Activities of Daily 

Living (OR=1.65, p=0.045). These findings document very low protein intake may be a risk 

factor for predicting future falls in older adults with a history of falling. When considering 

interdisciplinary approaches to frailty, preventive screening for very low/low protein intake 

among those with a history of falling may help identify who could benefit most from referrals 

for nutrition education and interventions.  
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1. Introduction 

Frailty and poor nutrition are prevalent, overlapping conditions that impact the functional 

health of older adults, including their risk for falls [1]. More than one in four older adults fall each 

year and falling doubles the chances of recurrent and subsequent fall(s) [2]. Falls are the number 

one cause of injuries and injury deaths among older adults in the United States (U.S.) [3] and falls 

are also associated with morbidity and premature mortality, reduced quality of life, and increased 

healthcare costs [4-6]. Frailty is associated with adverse health outcomes and is a strong predictor 

of disability and multi-morbidity. Frail older adults are likely to have recurrent falls [7] and thus 

falls prevention remains an important focus across all care settings. Further, given that falls 

incidence and prevalence increase with age, there is rapid population aging in most countries 

worldwide, and the health, economic, and quality of life impacts of falls are significant, there is 

need for evidence-based research on effective falls prevention strategies and programs [8].  

In addition to functionality many other factors may contribute to older adults’ falls risk, 

including sociodemographics. Modifiable factors like nutrition status are also key to consider too. 

Research supports a positive association between malnutrition and falls risk [2, 9, 10]. However, 

demonstrated links between specific malnutrition-related nutrients (including Vitamin D and 

protein which have important roles in muscle function, strength, and mass) and falls have not 

been firmly established [11-14]. Limited studies have specifically considered dietary protein intake 

and falls [15, 16] or subsequent falls [17], even as many U.S. older adults consume less than the 

U.S. Recommended Dietary Allowance (RDA) for protein [18]. 

There are few databases that are longitudinal, document the health history of older adults, and 

include dietary intake data. However, such data are available in the University of Michigan’s 

Health and Retirement Study (HRS), which for more than 20 years has been a leading source of 
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information on the changing health and economic circumstances of adults over age 50 in the U.S. 

HRS data have been used to examine factors related to falls, including the racial and ethnic 

predictors of falls among older adults [19] and associations between body mass index and central 

obesity and falls [20]. HRS data also provide an opportunity to consider factors that may impact 

subsequent falls risk, such as nutrition factors, which may be helpful in developing 

interdisciplinary multifactor approaches to frailty. 

The aim of our study was to examine the association between dietary protein intake and 

subsequent reported falls in U.S. community-dwelling older adults with a history of falls, using 

longitudinal data from the HRS. Other nutritional, functional, and sociodemographic-related 

variables were also considered in our model.  

2. Materials and Methods 

2.1 Health and Retirement Study (HRS) and Health Care and Nutrition Study (HCNS) 

The HRS is a longitudinal panel study funded by the U.S. National Institute on Aging that 

surveys a representative sample of approximately 20,000 people in the U.S. Data is collected face-

to-face or via telephone by trained survey interviewers; detailed information on HRS data 

collection instruments is provided on the HRS website [21]. The HRS is conducted on even years 

and participants aged >65 years are specifically asked questions regarding falls. Our retrospective, 

observational study was completed in 2019 and used data from the 2012 and 2014 waves of the 

HRS. We defined a fall as an affirmative response to the question “Have you fallen down since the 

[previous wave survey date] in the last 2 years?” and we defined a subsequent fall as an 

affirmative answer to this same question on both the 2012 and 2014 HRS. 

 In odd years, supplemental studies, including the 2013 Health Care and Nutrition Study (HCNS), 

have also been conducted. The HCNS is the most recent nutrition-related survey that has been 

completed in conjunction with the HRS. The HCNS was based on the Harvard food frequency 

questionnaire and the reported daily nutrient intake estimates were determined using Harvard 

School of Public Health nutrient tables. 

Our study population (n=3,859) was U.S. community-dwelling 2012 HRS participants reporting 

fall(s) who also completed the 2013 HCNS and the 2014 HRS.  

HRS data are de-identified and publicly available, exempting our study from IRB review. This 

research study complied with current U.S. laws. 

2.2 Study Variables 

For some of the nutrition-related variables in our study, RDAs were used to define intake 

categories. The protein RDA is 0.8 gm/kg body weight/day [22]; we considered <0.8 gm/kg/day to 

be low protein intake and <0.4 gm/kg/day to be very low protein intake. The Vitamin D RDA is 

600-800 IU/day [23]; <600 IU was considered low Vitamin D intake. U.S. Dietary Guidelines were 

used to define calorie intake categories. U.S. Dietary Guideline recommendations range from 

1,600-2,000 kcal/day (female) to 2,000-2,600 kcal/day (male) [24]; <1600 kcal/day was considered 

to be low calorie intake for females and very low for males. Additional nutrition-related variables 

we evaluated were Body Mass Index (BMI) and reported weight loss. 
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Other variables considered in our model were specific to functionality (grip strength, activities 

of daily living [ADLs], and instrumental activities of daily living [IADLs]) and sociodemographics 

(age, gender, race, ethnicity, living arrangements, education, annual household income, and 

income as a percent of the Federal Poverty Level). To limit the size of our model we did not 

include further variables that could be related to falls risk such as incidence of underlying disease, 

cognitive function, medication use, or physical activity. 

2.3 Data Analysis 

The HRS uses weights, clusters, and strata to create nationally representative estimates [21]. 

For our research, the weighted sample size was 15,975,410. To compute an odds ratio, univariable 

logistic models were created for all variables of interest. Variables approaching statistical 

significance (p<0.10) were included in the initial multivariable logistic model. A more generous p-

value is often used to identify potential variables that are not significant at the 0.05 level for initial 

consideration in the model, with the assumption that truly significant variables will be identified 

after adjusting for relevant covariates. Accordingly, backwards selection (cut-off of p<0.05) was 

used to create the final model. All analyses were performed using SAS® version 9.3 software (SAS 

Institute, Inc., Cary, NC, 2011). 

3. Results 

3.1 Risk of Falls and Associated Factors 

For the research sample of 3,859 older adults, 57.4% reported subsequent fall(s) on the 2014 

HRS. Table 1 identifies the descriptive characteristics of those reporting/not reporting subsequent 

fall(s). Subsequent falls were associated with lower household income, increased age, and 

difficulties performing Activities of Daily Living (ADL) and Instrumental Activities of Daily Living 

(IADL). Incidence of reporting subsequent fall(s) was 13% greater among individuals with very low 

protein intake (<0.4 gm/kg/day protein) compared to those with higher protein intake (69.2% vs 

56.2%, p=0.02). Male gender, living with a partner, weight loss of at least 10 lbs since the last HRS, 

and low Vitamin D intake were also associated with reporting subsequent fall(s).  

Table 1 Descriptive characteristics of sample population who did/did not report 

subsequent/recurrent fall(s) in 2014 U. S. Health and Retirement Study (HRS) N = 3859.

  Reported Subsequent Fall(s) in 2014 HRS  

  No Yes  
Characteristic Mean (SD) or N (%) Mean (SD) or N (%) p-value 

Education (years) 13.1 (0.1) 12.9 (0.1) 0.12 

Annual household income $70,584 ($5,880) $56,801 ($4,671) 0.007 

Income as % Federal Poverty Level (FPL)a 550% (40%) 450% (30%) 0.005 

Grip strength (kg) 24.1 (0.8) 23.5 (0.7) 0.61 

BMIb 28.1 (0.4) 28.7 (0.4) 0.34 

Daily Vitamin D intake (IU) 173.7 (6.9) 171.1 (5.0) 0.76 

Daily calories (kcal) 1855.5 (39.6) 1833.7 (38.7) 0.69 
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Daily protein (gm) 73.3 (1.8) 72 (1.7) 0.60 

Age (years)  74 (0.4) 75.4 (0.3) 0.006 

# ADL difficultiesc 0.2 (0.03) 0.4 (0.04) <0.001 

#IADL difficultiesd 0.2 (0.03) 0.5 (0.04) <0.001 

Gender      0.02 

 Male 38.0% 62.0%   

 Female 46.0% 54.0%   

Living arrangements   0.06 

 Living with spouse/partner 42.3% 57.7%   

 Not living with spouse/partner 43.1% 56.9%   

Race      0.74 

 White 42.3% 57.7%   

 Black 46.6% 53.4%   

 Other 45.5% 54.5%   

Ethnicity     0.75 

     Non Hispanic 42.8% 57.2%   

     Hispanic  40.6% 59.4%   

Reported weight loss     <0.001 

Lost at least 10 lbs since last HRS 33.7% 66.3%   

No weight loss since last HRS 45.1% 54.9%   

Very low protein intake (<0.4 

gm/kg/day)      0.02 

 <0.4 gm/kg/day 30.8% 69.2%   

 >0.4 gm/kg/day 43.8% 56.2%   

Low protein intake (< 0.8gm/kg/day)      0.29 

 <0.8 gm/kg/day 40.8% 59.2%   

 >0.8 gm/kg/day 44.2% 55.8%   

Low/very low-calorie intake (<1600 kcal/day)    0.20 

 <1600 kcal/day 40.0% 60.0%   

 >1600 kcal/day 44.3% 55.7%   

Low Vitamin D intake (<600 IU/day for adults aged 65-70, 

<800 IU/day for adults aged >70)   0.08 

 <600 IU or < 800 IU/day 42.3% 57.7%   

 > 600 or >800 IU/day 69.0% 31.0%   
aAs calculated in the HRS. 
bBody Mass Index (BMI) as calculated in the HRS. 
cActivities of Daily Living (ADL), measured as the total number difficulty performing or could not perform. 
dInstrumental Activities of Daily Living (IADL), measured as the total number difficulty performing or could 

not perform. 

Using male gender as the referent variable, a multivariable logistic model (Table 2) was 

developed to predict 2014 falls using the sample population reporting fall(s) in the 2012 HRS. The 

final logistic model showed those reporting very low protein intake (<0.4gm/kg/day) had odds of 
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reporting subsequent fall(s) that were 1.65 times that of older adults not reporting very low 

protein intake, after adjusting for age, sex, weight loss, and difficulty performing ADLs (OR=1.65, 

p=0.045). Compared to males, females were less likely to fall (OR=0.67, p=0.005). Each year of 

increased age was associated with a small, but elevated risk for falls (OR=1.02, p=0.01). Compared 

to individuals who had not lost 10 pounds since completing the previous HRS, those who did 

report at least a 10-pound loss in body weight were more likely to also report a subsequent fall 

(OR=1.59, p=0.005). Difficulty performing ADLs was also significantly associated with an increased 

risk for falls. Individuals who reported difficulty performing one ADL had odds of reporting a 

subsequent fall 1.48 times that of individuals who reported no difficulty performing ADLs 

(OR=1.48, p<0.0001). Similarly, a participant reporting difficulty performing two ADLs had odds of 

reporting a subsequent fall 1.48 times that of individuals who reported difficulty performing one 

ADL, and so forth.  

Table 2 Multivariable logistic model predicting falls in 2014 based on a sample 

population of U. S. Health and Retirement Study (HRS) participants who had reported a 

fall in the 2012 HRS. 

Variable Odds Ratio (95% CI) p-value 

Female 0.67 (0.51, 0.89) 0.005 

Age 1.02 (1.01, 1.04) 0.01 

Lost 10 lbs since last HRS 1.59 (1.15, 2.18) 0.005 

Protein < .4g/kg/day 1.65 (1.01, 2.69) 0.045 

# ADLs with Difficulty 1.48 (1.22, 1.80) <0.0001 

N = 1,272. 

R-Squared = 0.065. 

4. Discussion 

Protein is a key nutrient influencing nearly every bodily system and is critical for maintaining 

health and quality of life. Low protein intake has been associated with frailty [25] and impaired 

functionality [26] in older adults and both conditions can be risk factors for falls. The protein RDA 

is 0.8 gm/kg for adults, regardless of age. In our study, a number of older adults reported low or 

very low protein intake, which supports research documenting over one-third of older adults do 

not meet the protein RDA [18]. The risk for protein deficiency may be significant as emerging 

research and consensus support increased protein requirements for older adults (1.0-1.6 

gm/kg/day) in part due to decreased absorption/utilization and increased chronic disease [27]. 

Indeed, the international PROT-AGE Study Group has recommended older adults >65 years of age 

need more dietary protein than younger adults, in part to maintain and regain lean body mass and 

function [28], which are important to reduce falls risk.  

The association between protein intake and falls risk in older adults has not been widely 

studied. In our analysis, very low protein intake (<0.4 gm/kg/day) was associated with a 

statistically significant increase in subsequent falls, even after adjusting for relevant demographic 

and functionality variables. In comparison to previous research, one study found no difference in 
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protein intake and falls risk but evaluated just females and did not consider subsequent falls [15]. 

Other research has identified gender differences in risk for falls/recurrent falls including 

differences related to circumstances leading to falls [29, 30]. Interestingly, our analysis showed an 

association between male gender and subsequent falls whereas the U.S. Centers for Disease 

Control and Prevention notes females report more falls [31] and other researchers have described 

greater falls risk in older women related to factors such as gait variability [32]. 

It is important to note that the previous study of protein intake and falls among females 

measured protein intake as below or meeting/above the RDA [15], thus not identifying very low 

protein intake. When protein intake has been evaluated as a continuous variable, some have 

reported their tertile analyses tended toward a protective association of subsequent falls 

(although most were not statistically significant) [17]. Other tertile analyses found no protective 

association between protein intake and falls risk but did not evaluate subsequent falls risk and 

documented higher mean protein intake (92 gm/day) [16] vs. the means reported in our research 

(72.0/73.3 gm/day for those with/without subsequent falls). Previous studies have identified a 

protective association between protein intake and falls in older adults with unintentional weight 

loss [16, 17]. Our research also identified weight loss of at least 10 lbs over a two-year period was 

associated with subsequent fall(s). 

Protein needs increase with inadequate calorie intake, but we did not identify an association 

with subsequent falls risk and low/very low-calorie intake. We did not analyze the specific 

association between adequate calorie intake and low/very low protein and subsequent falls 

because previous research has documented older adults not meeting the protein RDA have lower 

than recommended intakes of energy [18].  

Our research documented low Vitamin D intake was associated with subsequent fall(s), 

supporting a systematic review/meta-analysis reporting an association with Vitamin D and 

significant falls reduction [13]. Yet a more recent systematic review reported no effect [14] and the 

U.S. Preventive Services Task Force has concluded Vitamin D supplementation does not prevent 

falls among older adults [33]. The discrepancies between these results and recommendations and 

our research may be that our study population had previously reported a fall and their overall 

mean Vitamin D intakes were much lower than the Vitamin D RDA. 

In general, risk factors associated with recurrent falls are similar to those of single falls [34]. 

Frailty is a risk factor for falls [35] and repeated falls [7]. Thus, in considering the functional 

variables that had statistical significance in our study, the finding that reported difficulties with 

ADLs and IADLs were associated with subsequent falls risk was not surprising. A systematic review 

and meta-analysis of social and demographic pre-disposing characteristics for falls identified that 

difficulties in at least one ADL or IADL double the risk of falling [36]. And a study using data from 

the 2004 and 2006 HRS instruments found that whether older adults had falls histories or not, 

ADL/IADL limitations were consistently associated with higher risks of falls [37].  

Our finding of an association between the sociodemographic variables of age and income to 

subsequent falls risk was also to be expected. Both increased age [38, 39] and lower income [38, 

40] have been reported to be linked to increased falls risk. And income has been reported as an 

important determinant for recurrent falls [41]. What was perhaps unexpected was our finding that 

living with a spouse/partner had a higher association with subsequent falls risk. While some 

studies have reported a protective effect of marriage against falling [36] others have found no 
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links between marriage and falls risk [42]. Similarly, Yoo et al in looking at repeated falls in older 

adults found no association to marital status [43]. 

Falls risk is multifactorial and there were several categories of risk factors for recurrent falls our 

model did not consider such as underlying disease, cognitive function, assistance from others, 

medication use, and physical activity. This was a limitation for our study and could have impacted 

the strength of the associations we identified, particularly as nutritional health often interacts 

with other falls risk factors such as medical conditions. Another limitation was that as an 

observational study, there were potential residual and confounding factors, including the inherent 

limitations of univariable and multivariable logistic modeling. The cut-point for very low protein 

intake (<0.4 gm/kg/day, which was half the protein RDA) was chosen somewhat arbitrarily; other 

cut-point(s) could potentially be more clinically meaningful. Another limitation was falls and 

dietary intake data were self-reported which could result in non-differential misclassification or 

recall bias. 

Strengths of our study included the large and nationally-representative research sample and 

the HRS use of previously validated survey instruments. The HRS is reported to employ numerous 

best practices for developing and administering surveys, which contributes to its high-quality data 

[44]. Also, our study is one of the first to examine the association of dietary protein intake and the 

risk of falls over time. 

5. Conclusions 

This research documents very low protein intake may be a risk factor for predicting future falls 

in community dwelling older adults with a history of falling. When considering multifactorial and 

interdisciplinary approaches to frailty, preventive screening for very low/low protein intake among 

older adults with a history of falling — including frail older adults — may help clinicians identify 

individuals who could benefit most from referrals for nutrition interventions such as community 

nutrition programs, consultation with a registered dietitian nutritionist, and/or oral nutrition 

supplements. In addition, development and implementation of education programs and policies 

across care settings and focused on increasing dietary protein for older adults who fall may help 

improve health outcomes and reduce potential health institution admissions by reducing risk of 

future falls. 
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