
Association between nutritional status assessed
by a digital self-administered tool (R+ dietitian)
and clinicopathologic factors in cancer patients:
A comprehensive analysis

Jianmei Zhu1,*, Silu Wang2,* , Tenglong Li1,3,*, Zhiwen Long2,
Chengyuan He2, Ke Xie1,3 and Shan Huang1,3

Abstract

Objective: Malnutrition is prevalent among cancer patients, smartphone-based self-administered nutritional assessment
tools offer a promising solution for effective nutritional screening. This study aims to retrospectively analyze the relationships
between nutritional status evaluated by the digital tool (R+ Dietitian) and clinicopathologic factors of cancer patients.

Methods: Cancer patients who met the inclusion criteria were divided into two subgroups based on age, Nutritional Risk
Screening-2002, Patient-Generated Subjective Global Assessment Short Form, body mass index, and hospital stays for com-
parison. Correlation and regression analysis were used to comprehensively assess the relationship between nutritional sta-
tus and clinicopathologic factors.

Findings: A total of 535 hospitalized cancer patients (58.32± 11.24 years old) were recruited. Patients identified with
nutritional risk assessed by R+ Dietitian were significantly older, had lower body weight, lower body mass index, greater
weight loss, and longer hospital stays (all of above, P < 0.01). Multiple logistic regression analysis indicated that serum
prealbumin concentration (odds ratio: 0.992, 95% confidence interval: 0.987–0.997, P= 0.001), weight loss (odds ratio:
7.309, 95% confidence interval: 4.026–13.270, P < 0.001), and body mass index < 18.5 (odds ratio: 5.882, 95% confidence
interval: 2.695–12.821, P < 0.001) predicted nutritional risk indicated by Nutritional Risk Screening-2002 score ≥3.
Hemoglobin concentration (odds ratio: 0.983, 95% confidence interval: 0.970–0.996, P= 0.011), weight (odds ratio:
1.111, 95% confidence interval: 1.056–1.169, P < 0.001), weight loss (odds ratio: 7.502, 95% confidence interval:
4.394–12.810, P < 0.001), body mass index (odds ratio: 0.661, 95% confidence interval: 0.564–0.775, P < 0.001), and
energy intake (odds ratio: 0.996, 95% confidence interval: 0.995–0.997, P < 0.001) predicted nutritional risk indicated
by Patient-Generated Subjective Global Assessment Short Form score ≥4. Multiple linear regression analysis revealed
that Patient-Generated Subjective Global Assessment Short Form scores ≥3 (b= 2.032, P= 0.008) were significantly asso-
ciated with longer hospital stays.

Conclusions: The nutritional risks assessed by R+ Dietitian accurately reflected the characteristics of malnutrition in cancer
patients and predicted hospital stay and cost, indicating the applicability of R+ Dietitian to improving the efficiency of nutri-
tional management for cancer patients.
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Introduction
Cancer is one of the leading causes of global mortality and
the burden of diseases, resulting in nearly 10.0 million
cancer-related deaths and 250 million disability-adjusted
years annually.1,2 Projections suggest that the worldwide
cancer burden will persist in its upward trajectory over
the next 50 years.3,4 This surge is anticipated to dispropor-
tionately affect low to middle-income countries, which
often have limited access to medical resources.5

Ensuring adequate nutrition is of paramount importance
in enhancing the overall health outcomes of hospitalized
oncology patients. However, malnutrition is prevalent
among the majority of cancer patients, often due to
disease progression and the intolerable side effects of ther-
apies.6,7 Studies have consistently shown that suboptimal
nutritional status is linked to extended hospital stay, dimin-
ished treatment responses, adverse clinical outcomes, and
reduced quality of life in cancer patients.8–11 Furthermore,
randomized controlled trials have underscored the potential
of nutritional support in reducing mortality across various
cancer types.12,13 Based on the above evidence, it is
strongly recommended that dietitians and nutritionists col-
laborate closely with cancer patients.14

Nevertheless, real-world studies have highlighted that
over half of cancer patients do not have access to timely
nutritional assessments and dietary support.6,15 This situation
may be attributed to a shortage of qualified professionals in
the field. In fact, as per the Compensation and Benefits
Survey of the Dietetics Profession 2021, the USA is grap-
pling with a deficit of registered dietitians and nutritionists
holding terminal degrees.16 This scarcity of proficient dieti-
tians and nutritionists could potentially be more acute in
low to middle-income countries, which could be associated
with inadequate nutritional status assessment and heightened
mortality rates among cancer patients.

The advancement of digital technologies has paved the
way for the effectiveness of mobile health and telemedicine
in healthcare management.17,18 Moreover, these technolo-
gies, given their automated nature, demand fewer trained
human resources, which can significantly contribute to
achieving medical equality, particularly in low- to
middle-income countries.19,20 R+ Dietitian, a digital
smartphone-based self-administered tool for nutritional risk

screening (NRS), has demonstrated remarkable consistency
in dietary assessment compared to assessments performed
by professional dietitians.21 The user interface of the R+
Dietitian is shown in Figure 1, which includes collecting
patients’ basic information, automatically conducting elec-
tronic nutritional assessments using the NRS-2002 tool and
the Patient-Generated Subjective Global Assessment Short
Form (PG-SGA-SF) tool,14,22–24 and evaluating energy and
protein intake through the assessment of dietary intake of
rice, meat, and milk. This digital tool holds great potential
for practical implementation in real-world clinical nutritional
assessment and support for cancer patients.

This study aims to evaluate nutritional status using a
digital tool (R+ Dietitian) and analyze the association
between nutritional status, clinical characteristics, and bio-
chemical parameters in cancer patients, retrospectively.

Methods

General study information: Inclusion
and exclusion criteria

A retrospective analysis was conducted on the medical
records of 535 patients who sought medical care in the
Oncology Department of Sichuan Provincial People’s
Hospital, Chengdu, China, between July 2020 and
September 2021. During their first hospitalization, nutritional
assessments, including NRS-2002, PG-SGA-SF scores, and
assessment of dietary intake of energy and protein, were con-
ducted by using R+ Dietitian mini program. Among these
patients, there were 340 males and 195 females, with an
average age of 58.32 years (ranging from 21 to 87 years).
The inclusion criteria were as follows: age ≥18 years, patho-
logically confirmed tumors, and the ability to communicate
effectively. The exclusion criteria included patients with psy-
chiatric or psychological disorders, those who were not
assessed by R+ Dietitian, and those who were unwilling or
unable to provide written informed consent.

General clinical and nutritional characteristics

Tables S1 and S2 present the general clinical characteristics
of 535 patients. The average weight of the patients was
58.02± 9.38 kg (35.00–88.00 kg), with 214 patients
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(40.00%) experienced weight loss (WL), with an average
reduction of 4.07± 2.51 kg (1.00–13.00 kg). Among
them, 48 patients (9.00%) had WL ≥10%. A total of 374
patients (69.90%) were with a body mass index (BMI)
within the normal range of 18.5–24.9 kg/m², 78 patients
(14.60%) with a BMI < 18.5 kg/m², and 83 patients
(15.50%) with a BMI≥ 25 kg/m². Table S1 outlines the

clinical characteristics of patients in terms of medical
history and hospitalization information. Among them, 231
(43.20%) had gastrointestinal tumors, 152 (28.40%) had
respiratory tract tumors, 59 (11.00%) had head and neck
tumors, and 93 (17.40%) had gynecological and other
tumors. The average length of hospital stay for patients
was 5.58± 8.00 days (1–58 days), with a median stay of

Figure 1. The user interface of the R+ Dietitian. (A and B) Collection of basic information of patients. (C, D, and E) Parts of nutritional
assessments, including evaluation of weight loss, type of food intake, and changes in appetite. (F) Visualize the assessment of rice intake.
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3 days. The average hospitalization cost was 13,669±
16,020 Chinese Yuan (663–157,211 CNY).

Using R+ Dietitian, patients completed NRS-2002 and
PG-SGA-SF assessments, as well as surveys of dietary
energy and protein intake, either independently or with assist-
ance, without the involvement of professional dietitians. The
results revealed that the average NRS-2002 score for patients
was 2.11± 1.26 (0–5) points, with 372 patients (69.50%)
scoring <3 points and 163 patients (30.50%) scoring ≥3
points on the NRS-2002 assessment. The average
PG-SGA-SF score for patients was 3.96± 3.22 (1–16)
points, with 289 patients (54.00%) scoring <4 points, 188
patients (35.10%) scoring 4–8 points, and 58 patients
(10.80%) scoring ≥9 points on the PG-SGA-SF assessment.
Patients’ average dietary energy intake was 1506.65±
482.41 (300.0–2958.6) kilocalorie, and their average protein
intake was 76.42± 25.32 (15.0–169.8) g. The average
rice intake was 223.95± 115.13 (0–500.0) g, the average
meat intake was 107.82± 64.23 (0–400.0) g, and the
average milk intake was 166.03± 141.39 (0–500.0) ml.

Study design

On the day of first admission, eligible patients were requested
by dietitians to undergo NRS and dietary assessment using
the R+ Dietitian mini program. Patients or their family
members accessed the R+ Dietitian program by opening
the WeChat application on their smartphones and scanning
a QR code. After completing the assessment, estimated
values of NRS-2002 scores, PG-SGA-SF scores, and
dietary energy and protein intake were displayed on the R
+ Dietitian ’s result interface and stored in the program
backend. Data for this retrospective study were transcribed
by researchers from the program backend.

Baseline demographic and medical characteristics of
participants, including age, gender, means of healthcare
payment, occupation, marital status, residence, education
level, chronic disease status, cancer type, cancer family
history, length of hospital stay, and costs, were obtained
by researchers from electronic medical records. Patients’
height and weight were measured upon admission, and
the BMI and WL during the disease process were calcu-
lated. Laboratory blood tests were conducted to analyze
blood cell count parameters (hemoglobin, white blood
cells, platelets) and serum biochemical parameters (creatin-
ine, total protein, albumin, prealbumin) levels. Patients
were categorized into subgroups based on age (<65 years
vs. ≥65 years), NRS-2002 scores (<3 points vs. ≥3
points), PG-SGA-SF scores (<4 points vs. ≥4 points),
BMI (<18.5 kg/m² vs. ≥18.5 kg/m²), and hospitalization
duration (≤3 days vs. >3 days) for comparative analysis.
Clinical factors, nutritional factors, and selected laboratory
parameters were compared between these subgroups.
Furthermore, correlations were explored between selected
nutritional parameters (NRS-2002, PG-SGA-SF, BMI),

hospitalization duration, and selected clinical-pathological
factors. Risk factors for malnutrition and prolonged hospi-
talization were determined.

Ethical approval and consent to participate

This study was conducted in accordance with the 1964
Helsinki Declaration and received approval from the
Medical Ethics Committee of Sichuan Provincial People’s
Hospital (2019/243). Written informed consent was
obtained from all participants.

Statistical analysis

All statistical analyses were performed using SPSS 26.0 soft-
ware (IBM Inc.). The Kolmogorov-Smirnov test was
employed to assess the normality of continuous variables,
which were then presented as means (SD) or medians (IQR)
based on the distribution type. For continuous variables, com-
parisons between groups weremade using either the parametric
Student’s t-test or the non-parametric Mann-Whitney U test,
while for categorical variables, comparisons between groups
were conducted using the χ² test or Fisher exact test. A signifi-
cance level of P<0.05 was considered statistically significant.

Statistical analyses of correlations between selected
nutritional parameters (NRS-2002, PG-SGA-SF, BMI),
hospitalization duration, clinical-pathological factors, and
blood indicators were conducted using Pearson’s or
Spearman’s rank-correlation coefficient. The interpretation
of correlation strength was based on P-values and correl-
ation coefficients (r) as follows: 0.00–0.30 (weak correl-
ation), 0.31–0.50 (moderate correlation), 0.51–0.80
(strong correlation), and 0.81–1.00 (very strong correl-
ation). Furthermore, multiple forward stepwise linear
regression model analysis was used to examine the relation-
ships between nutritional parameters (NRS-2002,
PG-SGA-SF), hospitalization duration, and clinical patho-
logical factors. Multiple binomial logistic regression ana-
lysis was used to identify independent risk factors
associated with malnutrition (NRS-2002≥ 3 points or
PG-SGA-SF≥ 4 points). Odds ratios (ORs) and the corre-
sponding 95% confidence intervals (CIs) in the contingency
tables were used to estimate relative risks.

Results

Comparison of selected clinical pathological
factors and nutritional parameters based on age

Patients were categorized into two groups based on age <65
years (younger group) and ≥65 years (older group).
Table S3 provides a summary of all comparisons between
the two age groups. Compared to the younger group, the
older patients showed a significantly higher NRS-2002
score, but less WL (all of above, P< 0.05). Additionally,
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the older patients had significantly lower serum albumin
levels, prealbumin levels, and a lower rate of achieving
the standard level of serum total protein concentration
(≥60 g/L) compared to the younger group (all of above,
P< 0.05).

Comparison of selected clinical pathological
factors and nutritional parameters based on
NRS-2002

Patients were categorized into two groups based on
NRS-2002 scores: <3 (low-risk group) and ≥3 (high-risk
group). Table S4 summarizes all the comparisons
between the two NRS-2002 score groups. Compared to
the low-risk group, the high-risk group had significantly
higher age, lower weight, lower BMI, greater WL, and
longer hospital stay (all of above, P < 0.05). Moreover,
the high-risk group showed significantly lower rates of
achieving recommended serum total protein concentration
(≥60 g/L) and albumin concentration (≥40 g/L), and had
a more significant appetite loss and decrease in food
intake compared to the low-risk group (all of above, P<
0.05).

Comparison of selected clinical pathological factors
and nutritional parameters based PG-SGA-SF

Patients were categorized into two groups based on their
PG-SGA-SF scores: <4 (low-risk group) and ≥4 (high-risk
group). Table S5 summarizes all the comparisons between
the two PG-SGA-SF score groups. Similar to the results
obtained by grouping based on NRS-2002 scores, com-
pared to the low-risk group, the high-risk group had a sig-
nificantly higher proportion of older patients (≥65 years),
lower weight, lower BMI, greater WL, longer hospital
stay, and higher hospitalization costs (all of above, P<
0.05). The high-risk group also showed significantly
lower rates of achieving recommended serum total protein
concentration (≥60 g/L) and albumin concentration
(≥40 g/L) compared to the low-risk group (all of above, P
< 0.05).

Comparison of selected clinical pathological factors
and nutritional parameters based BMI

Patients were categorized into two groups based on the BMI
standards recommended by the World Health Organization:
<18.5 (underweight group) and ≥18.5 (normal group).
Table S6 presents a summary of all the comparisons
between the two BMI groups. Due to body weight being
one of the determinants of BMI, the underweight group
had a significantly lower body weight compared to the
normal group (P< 0.001). In comparison to the normal
group, the underweight group showed significantly higher

proportions of NRS-2002 scores ≥3, PG-SGA-SF scores
≥4, had longer hospital stays, higher hospitalization costs,
and lower rates of achieving recommended serum total
protein concentration (≥60 g/L) and albumin concentration
(≥40 g/L) (all of above, P< 0.05).

Comparison of selected clinical pathological factors
and nutritional parameters based hospitalization
stay

Patients were categorized into two groups based on the
median hospitalization stay (3 days): ≤3 days and >3
days. Table S7 provides a summary of all the comparisons
between the two groups divided by the median hospitaliza-
tion stay. Patients with a hospital stay of ≤3 days had sig-
nificantly lower hospitalization expenses, lower
NRS-2002 scores, lower PG-SGA-SF scores, reduced
WL, and a higher rate of achieving recommended serum
albumin concentration (≥40 g/L) compared to those with
>3 days (all of above, P< 0.05).

Correlations between selected clinical pathological
factors and nutritional parameters

As shown in Table 1, there were significant positive corre-
lations between the NRS-2002 score and age, hospitaliza-
tion duration, and serum platelet concentration (all of
above, P< 0.05). Furthermore, the NRS-2002 score had sig-
nificant negative correlations with serum total protein,
albumin, prealbumin, hemoglobin, weight, BMI, WL,
energy intake, protein intake, rice intake, and meat intake
(all of above, P< 0.05).

The PG-SGA-SF score had significant positive corre-
lations with age and hospitalization duration (all of
above, P < 0.05), and significant negative correlations
with serum total protein, albumin, prealbumin, hemoglo-
bin, weight, BMI, energy intake, protein intake, rice
intake, meat intake, and milk intake (all of above, P <
0.05).

BMI had significant negative correlations with
NRS-2002 score, PG-SGA-SF score, WL, hospitalization
duration, and hospitalization expenses (all of the above, P
< 0.05). Moreover, it had significant positive correlations
with serum creatinine, total protein, albumin, prealbumin,
hemoglobin, weight, energy intake, protein intake, rice
intake, and meat intake (all of above, P< 0.05).

Duration of hospitalization had significant negative
correlations with serum total protein, albumin, weight,
BMI, WL, energy intake, protein intake, and meat
intake (all of above, P < 0.05). Furthermore, it had signifi-
cant positive correlations with hospitalization costs,
PG-SGA-SF score, and NRS-2002 score (all of above,
P < 0.05).
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Regression analysis between selected nutritional
parameters and clinical pathological factors

Results from multiple linear regression analysis showed in
Table 2 revealed that higher NRS-2002 scores (indicating
nutritional risk) were significantly associated with lower
serum prealbumin concentration, BMI < 18.5, and lower
rice intake (all of the above, P< 0.001). Conversely, as
shown in Table 3, higher PG-SGA-SF scores (indicating

nutritional risk) were significantly associated with lower
serum prealbumin concentration, higher weight, BMI <
18.5, and lower energy intake (all of the above, P< 0.001).

Multiple logistic regression analysis results showed in
Table 4 revealed that lower serum prealbumin concentra-
tion, WL, and BMI < 18.5 (all of the above, P< 0.005)
were significantly associated with nutritional risk indicated
by NRS-2002 score ≥3. Similarly, results in Table 5
showed that lower serum hemoglobin concentration,

Table 1. Correlations between NRS 2002, PG-SGA-SF, BMI, duration of hospitalization, and selected clinical and laboratory parameters.

NRS 2002 PG-SGA-SF BMI
Duration of
hospitalization

Variable r P r P r P r P

Age 0.244 <0.001 0.104 0.016 −0.016 0.704 −0.007 0.873

Creatinine 0.015 0.74 −0.049 0.297 0.181 <0.001 −0.019 0.679

Total protein −0.138 0.003 −0.152 0.001 0.122 0.009 −0.134 0.004

Albumin −0.213 <0.001 −0.23 <0.001 0.226 <0.001 −0.14 0.003

Prealbumin −0.359 <0.001 −0.356 <0.001 0.335 <0.001 −0.05 0.378

White blood cell −0.002 0.966 0.001 0.981 0.076 0.092 −0.004 0.924

Hemoglobin −0.194 <0.001 −0.224 <0.001 0.274 <0.001 −0.043 0.337

Platelet 0.096 0.033 0.08 0.076 −0.039 0.385 0.031 0.497

Duration of hospitalization 0.126 0.003 0.164 <0.001 −0.118 0.006 – –

Expenses of hospitalization 0.043 0.315 0.079 0.069 −0.088 0.043 0.872 <0.001

NRS 2002 – – 0.652 <0.001 −0.324 <0.001 0.107 0.013

PG-SGA-SF 0.652 <0.001 – – −0.317 <0.001 0.147 0.001

Weight −0.272 <0.001 −0.25 <0.001 0.804 <0.001 −0.108 0.012

BMIc −0.324 <0.001 −0.317 <0.001 – – −0.138 0.001

Weight loss −0.167 0.014 −0.002 0.98 −0.355 <0.001 −0.154 0.024

Energy intake −0.313 <0.001 −0.677 <0.001 0.253 <0.001 −0.104 0.016

Protein intake −0.326 <0.001 −0.692 <0.001 0.261 <0.001 −0.109 0.011

Rice intake −0.306 <0.001 −0.507 <0.001 0.197 <0.001 0.001 0.985

Meat intake −0.329 <0.001 −0.59 <0.001 0.208 <0.001 −0.099 0.023

Milk intake −0.059 0.178 −0.183 <0.001 0.021 0.627 −0.048 0.269

NRS 2002: Nutritional Risk Score 2002; PG-SGA-SF: Patient-Generated Subjective Global Assessment Short Form; BMI: body mass index; r: Pearson’s/
Spearman’s rank-correlation coefficient.
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Table 2. Association between NRS 2002 and selected clinical and laboratory parameters in multiple regression linear analysis.

Model 1

NRS 2002
R= 0.523, R2= 0.273, Adjusted R2= 0.249
F (10)= 11.324, P < 0.001, standard error of estimate= 1.066

Variable b Standard error of b P-value r

Intercept 3.994 0.849 <0.001

Age 0.009 0.006 0.138 0.075

Total protein −0.019 0.012 0.117 −0.101

Albumin 0.018 0.021 0.388 0.070

Prealbumin −0.004 0.001 0.003 −0.211

Weight 0 0.008 0.97 0.002

BMI
<18.5 vs. ≥18.5

−1.162 0.204 <0.001 −0.332

Energy intake 0 0 0.482 0.103

Protein intake 0.008 0.010 0.432 0.147

Rice intake −0.003 0.001 0.001 −0.233

Meat intake −0.005 0.002 0.029 −0.253

Model 2

NRS 2002
R= 0.500, R2= 0.250, Adjusted R2= 0.240
F (4)= 25.529, P < 0.001, Standard Error of Estimate= 1.073

Variable b Standard Error of b P-value r

Intercept 4.328 0.238 <0.001

Prealbumin −0.004 0.001 <0.001 −0.191

BMI
< 18.5 vs. ≥18.5

−1.117 0.178 <0.001 −0.319

Rice intake −0.002 0.001 0.004 −0.156

Meat intake −0.002 0.001 0.116 −0.086

Model 3

NRS 2002
R= 0.493, R2= 0.244, Adjusted R2= 0.236
F (3)= 38.244, P < 0.001, Standard error of estimate= 1.076

Variable b Standard Error of b P-value r

Intercept 4.294 0.238 <0.001

(continued)
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higher weight, WL, lower BMI, and lower energy intake
(all of above, P< 0.001) were significantly associated
with nutritional risk indicated by PG-SGA-SF score >3.

Multiple linear regression analysis in Table 6 showed
that serum albumin concentration ≥40 g/L (P= 0.005)
was significantly associated with shorter hospitalization
stay, while PG-SGA-SF score >3 (P= 0.008) was signifi-
cantly associated with longer hospitalization stay.

Discussion
Our study has demonstrated that without the need for
manual evaluation by professional nutritionists, nutritional
status assessed by the digital tool (R+ Dietitian) accurately
reflected clinicopathological factors such as serum prealbu-
min concentration in cancer patients, as well as nutritional
parameters including BMI, WL, and energy intake in
cancer patients. Comprehensive analysis revealed that
higher nutritional risk identified by the R+ Dietitian is asso-
ciated with longer hospital stays and higher healthcare
costs. This relationship could potentially impact the effi-
ciency and effectiveness of hospital care.

Previous studies have clearly demonstrated a significant
association between malnutrition and adverse clinical out-
comes in cancer patients.7,11,25,26 As a result, NRS is both
important and necessary for cancer patients. NRS-2002
and PG-SGA-SF are recommended for NRS in many coun-
tries, but this often necessitates a substantial professional
workforce.14,22,23 In this context, digital applications or
telemedicine can play a crucial role in automating the
screening process,27,28 particularly in regions with limited
resources. Leveraging digital screening tools allows health-
care providers to promptly evaluate the nutritional status of
patients, even in areas where access to nutritionists may be
limited, a common scenario in many countries.
Furthermore, digital applications and telemedicine offer
the advantage of high accessibility and can be readily

implemented in various healthcare settings, thereby pro-
moting healthcare equity.28,29

In our previous publication, we assessed the validity of
the digital screening tool employed in the current study.
The NRS-2002 and PG-SGA-SF tools within the digital
screening tool exhibited significant accuracy, sensitivity,
and specificity, with values of 77.5%, 81.0%, and 76.7%
for NRS-2002 and 69.3%, 84.5%, and 64.5% for
PG-SGA-SF, respectively.21 These findings demonstrated
a strong alignment between the digital screening tool used
in this study and the conventional human-rated screening.
Recent research has highlighted PG-SGA as a robust pre-
dictor of hospital stay duration specifically for patients
with cancer during treatment.26 Additionally, other studies
have indicated that NRS-2002 and PG-SGA-SF scores are
inversely correlated with various nutritional parameters in
cancer patients.30–32 The findings of this study are consist-
ent, as both nutritional risks scoring systems were nega-
tively correlated with total protein, prealbumin, body
weight, BMI, energy intake, protein intake, and other vari-
ables. And PG-SGA-SF scores predicted the long hospital
stays. The body of evidence suggests that R+ Dietitian as
a digital screening tool for nutritional risk holds promise
for practical clinical applications.

Among various nutritional parameters, albumin, and
prealbumin are the primary proteins found in human
serum, and they can effectively reflect the protein nutri-
tional status of the body.33,34 Recent research has unveiled
the predictive value of albumin and prealbumin in the
occurrence, development and prognosis of various
cancers, highlighting their potential as independent prog-
nostic factors for cancer patients, even superior to other
inflammatory indicators.35–37 Regression analysis con-
ducted in the present study also indicates that, beyond
pivotal factors like WL and BMI that determine nutritional
scores, reductions in serum prealbumin, albumin, and
hemoglobin concentrations are associated with poorer

Table 2. Continued.

Model 3

NRS 2002
R= 0.493, R2= 0.244, Adjusted R2= 0.236
F (3)= 38.244, P < 0.001, Standard error of estimate= 1.076

Variable b Standard Error of b P-value r

Prealbumin −0.004 0.001 <0.001 −0.209

BMI
<18.5 vs. ≥18.5

−1.112 0.178 <0.001 −0.318

Rice intake −0.002 0.001 <0.001 −0.185

NRS 2002: Nutritional Risk Score 2002; BMI: body mass index.
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nutritional status and longer hospital stays among cancer
patients. This underscores the significance of clinical
laboratory indicators in addition to the utility of digital
screening tools in guiding clinical nutritional interventions
for cancer patients.

Furthermore, the consensus among dietary nutrition
experts for cancer patients emphasizes that the provision
of reasonable and effective nutritional support can

enhance postoperative nutrition and immune status,
reduce mortality and medical expenses, and hold favorable
implications for the majority of malnourished cancer
patients.38–40 In China, the vast majority of cancer patients
rely on parenteral nutrition support, especially for ordinary
oral diets. Hence, the evaluation of oral dietary nutrient
intake is critical for assessing the nutritional status of
these patients. Apart from facilitating a quick assessment

Table 3. Association between PG-SGA-SF and selected clinical and laboratory parameters in multiple regression linear analysis.

Model 1

PG-SGA-SF
R= 0.758, R2= 0.574, Adjusted R2= 0.560
F (10)= 39.115, P < 0.001, Standard Error of Estimate= 2.053

Variable B Standard error of b P-value r

Intercept 10.936 1.472 <0.001

Total protein 0.012 0.024 0.616 0.025

Albumin −0.022 0.043 0.616 −0.032

Prealbumin −0.007 0.003 0.008 −0.142

Hemoglobin −0.006 0.006 0.313 −0.046

Weight 0.085 0.016 <0.001 0.259

BMI <18.5 vs. ≥18.5 −3.41 0.401 <0.001 −0.39

Energy intake −0.003 0.001 <0.001 −0.424

Protein intake −0.028 0.019 0.150 −0.209

Rice intake −0.001 0.002 0.340 −0.053

Meat intake 0.002 0.004 0.690 0.036

Model 2

PG-SGA-SF
R= 0.778, R2= 0.605, Adjusted R2= 0.600
F (4)= 120.131, P < 0.001, Standard error of estimate= 2.058

Variable b Standard error of b P-value r

Intercept 10.87 0.741 <0.001

Prealbumin −0.008 0.002 <0.001 −0.157

Weight 0.079 0.015 <0.001 0.232

BMI
<18.5 vs. ≥18.5

−3.611 0.385 <0.001 −0.397

Energy intake −0.004 0.000 <0.001 −0.647

PG-SGA-SF: Patient-Generated Subjective Global Assessment Short Form; BMI: body mass index.
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of nutritional scores, R+ Dietitian also features digital tools
for the rapid evaluation of a patient’s energy and protein
intake, enabling doctors to gain a preliminary understand-
ing of intake levels of these two nutrients. Previous
studies have indicated that the variance in estimated

energy and protein intake between R+Dietitian’s electronic
assessment and the clinical nutritionist’s 3d-24HR manual
assessment is notably smaller compared to variations
observed among other three digital dietary recording appli-
cations. This feature helps clinical doctors promptly grasp

Table 4. Association between NRS 2002 classification and selected clinical and laboratory parameters in multiple binomial logistic
regression analysis.

Model 1

Variable b SE b −95% CI +95% CI Wald Stat. P-value OR

Intercept −9.448 23.775 – – 0.158 0.691 <0.001

Age
<65 vs. ≥65

0.123 0.344 0.575 2.220 0.127 0.722 1.130

Total protein
<65 vs. ≥65

−0.433 0.452 0.268 1.573 0.916 0.338 0.649

Albumin
≥40 vs. <40

−0.409 0.427 0.288 1.534 0.917 0.338 0.664

Prealbumin −0.006 0.003 0.988 1.000 4.047 0.044 0.994

Hemoglobin −0.005 0.009 0.978 1.012 0.338 0.561 0.995

Weight 0.010 0.023 0.966 1.056 0.195 0.659 1.010

Weight loss
Yes vs. No

2.198 0.346 4.570 17.737 40.341 <0.001 9.003

BMI ≥18.5 vs. <18.5 −1.963 0.543 0.048 0.407 13.061 <0.001 0.140

Energy intake 0.001 0.001 0.999 1.003 0.623 0.430 1.001

Protein intake 0.378 0.823 0.291 7.316 0.211 0.646 1.459

Rice intake −0.031 0.058 0.866 1.086 0.281 0.596 0.970

Meat intake −0.128 0.268 0.520 1.487 0.229 0.632 0.880

Model 2

Variable b SE b −95% CI +95% CI Wald Stat. P-value OR

Intercept 1.180 0.588 – – 4.028 0.045 3.256

Prealbumin −0.008 0.002 0.987 0.997 11.158 0.001 0.992

Weight loss
Yes vs. No

1.989 0.304 4.026 13.270 42.733 <0.001 7.309

BMI
≥18.5 vs. <18.5

−1.770 0.397 0.078 0.371 19.840 <0.001 0.170

NRS 2002: Nutritional Risk Score 2002; BMI: body mass index; SE: standard error; 95% CI: 95% percent confidence intervals; OR: odds ratio.
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the patient’s nutrient intake levels.21 This study also sug-
gests a significant correlation between assessed energy
intake and the risk of malnutrition assessed by a
PG-SGA-SF score, further underscoring the advantages of
R+ Dietitian in simultaneously and efficiently performing
both nutritional score evaluations and dietary nutrient
intake assessments.

Strengths and limitations

This article boasts several key strengths, including substan-
tial sample size and the comprehensive nature of the clinical
data collected. We gathered a wide range of data encom-
passing baseline characteristics, essential nutritional para-
meters, biochemical indicators, and crucial
hospitalization-related information. Such multidimensional

clinical data significantly enhance the reliability of the com-
parisons made between digital screening and traditional
dietitian-based screening, as reported in prior publications.
Furthermore, this article stands out for its inclusion of a
diverse group of cancer patients, closely mirroring real-
world clinical scenarios. Our findings highlight the applic-
ability of the digital screening tool to various types of
cancer. Nevertheless, there are also some limitations of
this study. Firstly, this retrospective analysis lacks sufficient
prognosis data, such as 5-year survival rates. Additionally,
different cancer types may be linked to varying nutritional
statuses and distinct hospitalization-related factors, such
as duration and cost. Future research endeavors could estab-
lish prospective cohorts to delve into the long-term out-
comes of cancer patients and explore the impact of digital
screening versus manual screening.

Table 5. Association between PG-SGA-SF classification and selected clinical and laboratory parameters in multiple binomial logistic
regression analysis.

Variable b SE b −95% CI +95% CI Wald Stat. P-value OR

Intercept 10.089 1.435 49.438 <0.001 24,070.465

Hemoglobin −0.017 0.007 0.970 0.996 6.438 0.011 0.983

Weight 0.105 0.026 1.056 1.169 16.483 <0.001 1.111

Weight loss
Yes vs. No

2.015 0.273 4.394 12.810 54.512 <0.001 7.502

BMI −0.414 0.081 0.564 0.775 26.157 <0.001 0.661

Energy intake −0.004 0.000 0.995 0.997 83.375 <0.001 0.996

PG-SGA-SF: Patient-Generated Subjective Global Assessment Short Form; BMI: body mass index; SE: standard error; 95% CI: 95 percent confidence intervals;
OR: odds ratio.

Table 6. Association between duration of hospitalization and selected clinical and laboratory parameters in multiple regression linear
analysis.

Model 1

Duration of hospitalization
R= 0.195, R2= 0.038, Adjusted R2= 0.034
F (2)= 9.129, P < 0.001, standard error of estimate= 8.119

Variable b Standard error of b P-value R

Intercept 5.756 0.636 <0.001

Albumin
≥40 vs. <40

−2.256 0.793 0.005 −0.132

(PG-SGA-SF)
>3 vs. ≤3

2.032 0.766 0.008 0.123

Patient-Generated Subjective Global Assessment Short Form.
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Conclusions
This study demonstrated that the nutritional status of cancer
patients assessed by R+ Dietitian accurately reflected their
nutrition-related clinical characteristics and biochemical
parameters, which suggested that digital NRS tools held
promise for practical clinical applications. In the context
of a shortage of professional clinical nutritionists, the
advantages of R+ Dietitian, including accuracy, speed, effi-
ciency, and accessibility, helped healthcare providers
understand the nutritional status and nutrient intake of
cancer patients, improved patient outcomes, enhanced
healthcare management efficiency, and promoted health-
care equity.
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