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Abstract
Background: Previous reports suggest that the attributes of frailty are multidimensional and include nutrition,
cognition, mentality, and other aspects. We aim to develop an early warning model of frailty based on nutritional
risk screening and apply the frailty early warning model in the clinic to screen high-risk patients and provide
corresponding intervention target information.
Methods: The proposed study includes two stages. In the first stage, we aim to develop a prediction model of
frailty among older inpatients with nutritional risk. Study data were collected from a population-based aging cohort
study in China. A prospective cohort study design will be used in the second stage of the study. We will recruit 266
older inpatients (age 65 years or older) with nutritional risk, and we will apply the frailty model in the clinic to
explore the predictive ability of the model in participants, assess patients’ health outcomes with implementation of
the frailty model, and compare the model with existing frailty assessment tools. Patients’ health outcomes will be
measured at admission and at 30-day follow-up.
Discussion: This project is the first to develop an early prediction model of frailty for older inpatients according to
nutritional risk in a nationally representative sample of Chinese older inpatients of tertiary hospitals. The results will
hopefully help to promote the development of more detailed frailty assessment tools according to nutritional risk,
which may ultimately lead to reduced health care costs and improvement in independence and quality of life
among geriatric patients.
Trial registration: Chinese Clinical Trial Registry, ChiCTR1800017682, registered August 9, 2018; and ChiCTR21
00044148, registered March 11, 2021.
Keywords: Nutritional status screening, Malnutrition parameters, Mortality, Length of stay, Readmission, Older
inpatients
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Background
With the rapid rate of change in health services and the
global economy, the world’s population is experiencing
increased longevity, with increases in the segment of the
global population comprising older adults [1–3]. Epidemiologic studies show that the proportion of adults aged
65 years and older is expected to exceed 16 % of the
world’s population by 2050 [4], with 80 % living in lowand middle-income countries [5]. As the second largest
economy worldwide, China currently has the world’s largest population with 1.44 billion people, which accounts
for 19 % of the global population, and China is swiftly
changing into an aging country [3, 6–8].
Undernutrition is a frequent and serious condition
within the geriatric population admitted to the hospital,
and nutritional status often deteriorates further during
hospitalization [8–11]. Therefore, during hospital admission or at discharge, a large number of older patients
will still be malnourished or at risk of malnutrition [12,
13]. As per the American Society for Parenteral and Enteral Nutrition recommendation, malnutrition refers to
all deviations from adequate and optimal nutritional status, including energy undernutrition and overnutrition
[14]. The term undernutrition is used to refer to generally poor nutritional status; however, because malnutrition often refers to undernutrition, both terms are
widely used in a similar sense [15, 16]. Previous studies
have reported that the prevalence of hospital malnutrition or malnutrition risk in older inpatients is high (30–
50 %) [10, 17, 18]. Its negative impact on health substantially affects quality of life by increasing the risk of
frailty, disability, and mortality [19, 20].
Poor nutritional status can increase the age-associated
loss of muscle mass and strength and is therefore seen
as having an important role in the development of sarcopenia and subsequent physical impairment [21], which
both represent substantial elements of the frailty syndrome [16, 22, 23]. Boulos et al. conducted a crosssectional study among 1200 community–dwelling older
adults living in a rural setting of Lebanon to examine
the association between malnutrition and frailty. Those
authors reported that both malnutrition and malnutrition risk were related to a significantly increased risk of
frailty (odds ratio [OR] 3.72, 95 % confidence interval
[CI] 1.40 to 9.94 and OR 3.66, 95 % CI 2.32 to 5.76, respectively) [9].
Frailty is a complex, age-related clinical condition
characterized by a decline in physiological capacity
across several organ systems, and it is a state of increased vulnerability to stress [9, 22, 24]. However,
older adults with frailty have an increased likelihood
of unmet care needs, falls and fractures, hospital
readmissions, increased length and cost of hospital
stay, lower quality of life, iatrogenic complications,
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and early mortality [10, 24]. This increased risk of adverse clinical outcomes can occur even without the
presence of comorbidities [24, 25].
The investigation of frailty has attracted enormous scientific interest in the past few years as it affects multiple
domains of human functioning, including nutritional status, cognitive function, gait, mobility, balance, muscle
strength, endurance, and activities of daily living (ADL)
[26]. Additionally, previous reports have suggested that
the attributes of frailty are multidimensional and that its
definition should comprise nutrition, cognition, mentality, and other aspects [27–30]. Identification is a critical
step in the intervention or management of frailty [24, 29,
30]. Both the cycle of frailty model [22] and the integral
conceptual frailty model [31] include nutrition as a factor to explain frailty. However, undernutrition is considered a sub-factor in physical frailty in the integral
conceptual frailty model and a predisposing factor for
frailty in the cycle of frailty model [22]. Previous studies
have mainly investigated the relationship between undernutrition and frailty [9, 21, 32, 33], but none have reported the degree of influence on frailty according to
nutritional risk, despite nutritional risk being a modifiable variable.
Using the current study protocol, in the first stage of
this study, we used data from a cohort study to develop
an early warning model of frailty based on nutritional
risk screening. In the second stage of the study, we report the prevalence of frailty among older inpatients
with nutritional risk and apply the frailty early warning
model in the clinic to screen high-risk patients and provide corresponding intervention target information.

Methods
Study design

The study includes two stages. In the first stage, we aim
to develop a prediction model of frailty among older inpatients with nutritional risk. Study data were collected
from a population-based aging cohort study in China. A
prospective cohort study design will be used in the second stage of the study. We will apply the frailty model
in the clinic to explore the predictive ability of the model
in participants, assess patients’ health outcomes with implementation of the frailty model, and compare the
model with existing frailty assessment tools.
Developing the frailty model according to nutritional risk
Data used for modeling

The data used for development of the prediction model
were derived from an ongoing, prospective large-scale
cohort study among older Chinese inpatients at tertiary
hospitals (Chinese Clinical Trial Registry Number:
ChiCTR1800017682). In the present study, we used
baseline survey data collected from October 2018 to

Liu et al. BMC Geriatrics

(2021) 21:465

February 2019; details can be found elsewhere [3, 10].
Briefly, this study is a nationwide survey that provides
representative data for the investigation of geriatric factors, such as nutritional status, cognition, or physical activity, in hospitalized older individuals aged ≥ 65 years
nationwide. Eligible participants are recruited from five
provinces and one municipality in China (southwest: Sichuan Province; northeast: Heilongjiang Province;
south–central: Hubei Province; northern: Beijing municipality/city; northwest: Qinghai Province; eastern: Zhejiang Province). All eligible older individuals are
continuously enrolled. Surveys are administered by
trained nurse interviewers using a structured questionnaire. The interview language used is standard Mandarin/Putonghua. Proxy respondents, usually a spouse or
other legal guardian, are interviewed if the patient is unable to answer the questions themselves.
Feasibility of recruitment and sample size

In the first stage, for the sample size required for modeling, we referred to the method of estimating sample size
for multivariate logistic regression. For the categories
with a smaller proportion of the outcome variables, the
sample size should be at least 10 times the number of
independent variables. There are two categories of
dependent variables in this study (no frailty and frailty),
and 20 important independent variables were initially estimated. Therefore, the sample size of the intervention
group in this study is at least 200 patients. According to
the literature data, the incidence of frailty in the older
population with nutritional risk is approximately 26.5–
54 % [18, 32, 34, 35]. Taking into account an expected
incidence of 40 % and loss to follow-up of 10–20 %, we
aim to include 600 patients. As for the total sample size,
with reference to logistic regression modeling requirements, the modeling sample size is approximately twothirds of the total sample size and the model verification
sample size is approximately one-third of the total sample size. The total sample size is calculated to be at least
900 patients, of which at least 300 patients will be used
for model verification.
Population and inclusion and exclusion criteria

In the first stage of modeling, participants must meet
the following criteria: having no frailty according to the
FRAIL (Fatigue, Resistance, Ambulation, Illnesses, &
Loss of Weight) scale (scores from 0 to 2), malnourished
or at risk of malnutrition according to the MiniNutritional Assessment-Short Form (MNA-SF; scores
range from 0 to 11), and written informed consent provided by patients enrolled in this study.
Exclusion criterion were as follows: patients with
frailty at the time of enrollment; patients who are persistently unconsciousness or unable to provide informed
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consent for participation, or their caregivers were unable
to provide effective information; patients who were initially admitted to the intensive care unit (ICU) [13]; patients with anorexia nervosa, acute pancreatitis, acute
liver failure, cystic fibrosis, stem cell transplantation, severe chronic gastrointestinal diseases, acute infectious
diseases or chronic wasting diseases at enrollment; and
patients who were lost to follow-up or had died at the
30-day of follow-up. A total of 3027 patients were enrolled in the current study.
Definition of covariates

Potentially associated factors of frailty in the models included [16, 36–43] age, sex, ethnicity, education level,
marital status, body mass index (BMI), living alone, living conditions, smoking, alcohol consumption, falling
accidents in the past 12 months, immobilization for
more than 4 weeks, polypharmacy, fatigue, resistance
(ability to climb stairs), ambulation (ability to walk
100 m), illnesses (> 5), loss of more than 5 % body
weight, nutritional risk, ADL, instrumental ADL, depression, cognitive function, handgrip strength, vision, hearing, sleeping, urinary function, and defecation function.
Age was grouped as 65–74 years old, 75–85 years old,
and 85 years old and above. Ethnicity was categorized as
Han and ethnic minorities. Education level was categorized as illiterate, primary school, junior high school,
and high school and above. Marital status was categorized as married and divorced or widowed. Living alone
was categorized as living alone or not living alone [40].
Living conditions was classified as living in a building
with an elevator, a building without an elevator, or a
bungalow. Polypharmacy was categorized as 0, 1–2, 3–4,
5–6, and more than 7 [16].
BMI was calculated as body weight divided by
height (in meters) squared (kg/m2) [18] and was used
to classify patients into groups of < 19 kg/m2, 19 to
< 21 kg/m2, 21 to < 23 kg/m2, and ≥ 23 kg/m2. Participants’ weight in kg was measured to the nearest
0.1 kg using a digital electronic chair scale, and
height (in cm) was measured to the nearest 1 mm
using a stadiometer. Study participants were weighed
while wearing light clothing and no shoes.
We referred to the FRAIL scale [38, 44], such as the
items of fatigue, resistance (ability to climb stairs), ambulation (ability to walk 100 m), illnesses (> 5), and loss
of more than 5 % body weight, which has been validated
in Chinese older adults [45].
Nutritional risk was measured using the MNA-SF, a
six-item scale with scores ranging from 0 to 14 points
[19]. Patients were categorized into patients at risk of
malnutrition (8–11 points) or malnourished (0–7 points)
[39]. The MNA-SF has been validated in the Chinese
population and has excellent test characteristics [10, 46].
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ADL were measured using the Barthel Index, which is
a 10-item instrument measuring disability in terms of a
person’s level of functional independence in personal
ADL [47–49]. A higher score means better capacity to
perform daily living activities [48, 49]. Patients were categorized into those with a score < 75 and ≥ 75.
Instrumental ADL were measured using the Instrumental Activities of Daily Living Scale [50], which includes a range of higher-level activities that are
considered to address the capacity of older adults to
interact with their community [51]. The scores on this
scale range from 0 to 8, with 0 being the least independent and 8 being the most independent [50, 52, 53]. Patients were categorized into groups with scores of < 6
and ≥ 6 on the eight-item scale.
The depression assessment scale was developed on the
basis of the Geriatric Depression Scale 15 (GDS15) [54],
with a higher score denoting more severe depression.
Patients were categorized into groups with scores of 0–5
and 6–15.
Assessment of cognitive function was on the basis of
the Mini-Cog [55, 56] and was dichotomized as normal
cognitive function (scores of 3–5) and cognitive dysfunction (scores 0–2).
Handgrip strength was categorized as normal (greater
than 28 kg in men and greater than 18 kg in women)
and abnormal, according to the Asian Working Group
for Sarcopenia in 2019 [57].
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technique with 1000 resamples from the training data
set. The verification data set will be used for external
verification, and its effectiveness evaluated according to
accuracy and area under the receiver operating curve.
All statistical analysis will be performed using Stata version 14 for Windows (Stata Corp, College Station, TX,
USA). A P value of less than 0.05 will be considered statistically significant.
Bioethics

The first stage of the study was conducted according to
the ethical principles established in the Declaration of
Helsinki. The Ethics Committee of Peking Union Medical College Hospital (S-K540) approved the protocol.
Written informed consent was provided by all patients
enrolled in this study.
Applying the frailty prediction model in the clinic
Population and inclusion and exclusion criteria

All older patients (age 65 years or more, BI scores ≥ 75
points, and estimated survival time > 3 months) who
were hospitalized for minimum of 4 days in the wards of
Peking Union Medical College Hospital, will be screened
by a research assistant using the frailty prediction model.
The other inclusion criteria are the same as in the first
stage of the study. In the second stage, we will also exclude patients who were included in model development
during the first stage.

Outcomes

Feasibility of recruitment and sample size

The dependent (outcome) variable is frailty, defined as
“multi-systemic functional decline below a certain level,
leading to increased vulnerability to a minor stressor
with poor outcomes of disability and/or mortality” [16,
58]. The outcome will be expressed using three categories: non-frail, pre-frail, and frail when meeting 0, 1 or 2,
and ≥ 3 criteria of the FRAIL scale. A larger total score
indicates more a severely frail condition.

In the second stage, a previous study suggested that the
relative risk of readmission is 1.9 among the malnourished older patients compared with the robust [60], and
the hospital readmission rate among healthy older
people with nutritional risk is 17 %. Taking into account
an expected refusal rate of 20 %, we aim to include two
groups of 266 patients, to be reached in approximately 6
months.

Statistical considerations

Procedure

Descriptive results are expressed as mean and standard
deviation (SD) or as number and percentage. Bivariate
analyses will be performed using the χ2 test or Fisher’s
exact test for qualitative variables and the Student t-test,
analysis of variance (ANOVA), or Kruskal–Wallis test
for quantitative variables. Logistic regression analysis will
apply in variable selection and we used an entry criterion
of P < 0.05. The data set will be divided into a training
(70 %) and verification (30 %) set using random sampling. We will establish a frailty prediction model using
the modeling data set, and discrimination will be
expressed using area under the receiver operating curve
and the Hosmer–Lemeshow test to evaluate goodness of
fit [59]. As for internal validation, we will use a bootstrap

After obtaining participants’ informed consent, an inventory will be made of possible confounders. This includes
the following: sociodemographic data (age, sex, ethnicity,
marital status, education level, type of insurance), hospital admissions, medical diagnosis, living conditions,
smoking, and alcohol consumption.
Anthropometric indicators will include admission to
the following. (1) Standing height; in the case of bedridden patients, the formula of Chumlea will be used
to estimate height [61]. (2) Weight. (3) BMI. (4)
Handgrip strength in kg, measured with a hydraulic
hand dynamometer (EH101; Camry, Guangdong Province, China) [62]. Patients will be seated with forearms resting on the arms of a chair and asked to
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perform three maximum force trials with their dominant hand, using the second handle position. The
maximum grip score among the three values will be
used [63]. Nutritional risk will be measured using
MNA-SF score (0–11 points ranging from “malnourished” to “at risk of malnutrition”) [10]. For frailty assessment, the Fried frailty phenotypes (FPs) [22] will
be adopted as the “standard” for comparisons with
the frailty model developed in the first stage of the
current study. The five phenotypes of frailty that will
be used include poor appetite, exhaustion, low physical activity, poor walking ability, and poor twisting
ability of fingers. Participants are to be classified as
non-frail, pre-frail, and frail when meeting 0, 1 or 2,
and ≥ 3 criteria [43].
To determine the degree of dependency, the BI will be
used to perform physical function assessment (basic
ADL) among patients. Data collection will be carried out
by direct observation or by asking the patient, if possible.
Scores range from 0 to 100, with a higher score indicating greater independence.
Biochemical markers include serum albumin and prealbumin (colorimetry), hemoglobin and hematocrit
(fluorescence and optical methods), cholesterol (enzymatic techniques), and myokines (enzyme-linked immunosorbent assay (ELISA); Shanghai Enzyme-Linked
Biotechnology Co., Ltd.).
Outcome parameters

Health outcomes will be measured at admission and
at 30-day follow-up. The composite primary endpoint
includes adverse clinical outcomes within 30 days:
non-elective hospital readmission after discharge (second and subsequent hospitalizations during the period
analyzed), frailty, all-cause mortality (all-cause mortality recorded at 30 days, including in-hospital deaths),
ICU admission, a decline in functional status of 10 %
or more from admission to day 30 as measured with
the BI, and major complications as a new occurrence
including adjudicated diagnosis of nosocomial infection, respiratory failure, cardiovascular event (i.e.,
stroke, intracranial bleeding, cardiac arrest, myocardial
infarction, pulmonary embolism), acute renal failure,
and gastrointestinal failure (i.e., hemorrhage, intestinal
perforation, acute pancreatitis) [13].
The main secondary endpoints include length of hospital stay (LoS; duration of hospitalization, number of
hospitalization days), health-related quality of life as
measured using the three-level EuroQol five-dimensions
(EQ-5D-3 L) questionnaire; index values range from 0 to
1, with higher scores indicating better quality of life, including the self-assessment visual analogue scale (EQ5D VAS; scores range from 0 to 100, with higher scores
indicating better health status).
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Statistical analysis

Continuous variables are described using mean and SD
or median with interquartile range in the case of a
skewed distribution. Categorical variables are described
as number and percentage. ANOVA will be used to
examine the statistical differences in variables among
different groups. We will perform bivariate analyses
using the χ2 test or Fisher’s exact test for qualitative variables and Kruskal–Wallis test for quantitative variables.
Cox proportional hazards models will be constructed to
determine the association of frailty score at baseline with
mortality. Multiple linear regression models will be applied to evaluate the relationship between baseline frailty
score and health clinical outcomes. We will use the
Kappa statistic to evaluate the consistency of the new
frailty prediction model and FP. The correlation between
biochemical markers and frailty will be assessed using
Pearson’s correlation coefficient. All statistical analysis
will be performed using Stata version 14 for Windows
(Stata Corp, College Station, TX, USA). A P value of less
than 0.05 is considered statistically significant.
Organization and quality control

The data will be gathered by the primary investigator
and research assistants. The primary investigator is responsible for the informed consent procedure, final participant selection, measurements, analysis, and reports.
The primary investigator will be assisted by two research
assistants. Data flow will be controlled by the primary
investigator. Data entry and control will be conducted
by the research assistants under supervision of the investigator. The primary investigator is responsible for the
data cleaning and analysis.
Consent and ethics

This second stage of the study was approved by the Ethics Committee of Peking Union Medical College Hospital (JS-2781). All patients will be asked to provide their
written informed consent to participate. All procedures
of this study are performed in accordance with the principles laid down in the Declaration of Helsinki.

Discussion
This project is the first to develop an early prediction
model of frailty for older inpatients according to nutritional risk in a nationally representative sample of older
Chinese inpatients in tertiary hospital.
In the past two decades, Fried et al. [22], Mitnitski
et al. [64], Rockwood et al. [65] and other researchers
[36, 66] have made great contributions to the measurement tools available for identifying frailty. These include
the physical phenotype model of Fried et al. [22] and the
FRAIL scale [36], the deficit accumulation models of
Mitnitski [64] and Rockwood [65], which capture
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multimorbidity; and mixed physical and psychosocial
models, such as the Tilburg Frailty Indicator [66] and
Edmonton Frailty Scale [67]. However, the theoretical
basis, evaluation items, evaluation methods, and applicable objects differ among these assessment tools. Additionally, none of these tools have been developed on the
basis of the Asia-Pacific region, which has the largest
population of older adults worldwide combined with
large heterogeneity regarding population socioeconomics, provision of health care services, and ethnic
diversity [58], especially among the aging Chinese population [6–8].
Many researchers have indicated that frailty is multidimensional and that its definition should comprise
nutrition, cognition, mentality, ADL, and other aspects
[26–30, 58]. Therefore, using this protocol, we aim to
adopt findings and assessment tools from previous studies, and to develop a frailty prediction model according
to nutritional risk. Early assessment to identify frailty or
pre-frailty is critical in older inpatients and may help in
targeting interventions to address and reduce adverse
clinical outcomes and improve patient quality of life.
The limitations of this study include the older inpatients enrolled in the first stage of our study were selected from tertiary hospitals and from only one hospital
in each province or municipality/city, which may limit
the generalizability of our results to different settings.
Additionally, the estimated sample size is not sufficiently
large in the second stage of the study (n = 266).
It is important to develop an early prediction model of
frailty for older inpatients according to nutritional risk
for the Chinese population, which will provide early
warning information for older patients admitted to the
hospital. Identifying pre-frailty as early as possible will
help to avoid physical dysfunction, hospital readmission,
and mortality. The results of this research will help to
promote the development of more detailed frailty assessment tools focused on nutritional risk, cognition, depression, and other important factors, which may ultimately
lead to reduced health care costs and improvement in
mobility, independence, and quality of life among geriatric patients with nutritional risk.
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