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Abstract: Malnutrition at 30 days after surgery is common in cervical cancer patients and may adversely affect long-
term outcomes. This retrospective study developed and validated an interpretable predictive nomogram for early 
identification of postoperative malnutrition (NRS-2002 ≥3) in patients with FIGO stage IB-IIA cervical cancer under-
going radical surgery. A total of 784 patients were included and divided into a training cohort (n=431), an internal 
validation cohort (n=180), and an independent external cohort (n=173). Clinical, sociodemographic, treatment-
related, and laboratory variables were collected, and predictors were screened using univariate and multivariate 
logistic regression. Model discrimination, calibration, and clinical utility were assessed using the area under the 
receiver operating characteristic curve (AUC), Brier score, calibration analysis, decision curve analysis, and DeLong 
testing against albumin (ALB) alone. The final model incorporated eight independent predictors: age, body mass 
index (BMI), marital status, presence of a caregiver, parenteral nutrition support, lymph node metastasis, FIGO 
stage, and ALB. The nomogram achieved AUCs of 0.756, 0.742, and 0.807 in the training, internal validation, and 
external validation cohorts, respectively, with Brier scores ranging from 0.1859 to 0.2143, and showed stable net 
benefit across a wide threshold probability range (0.04-0.99). In the pooled sample, the nomogram significantly 
outperformed ALB alone (P<0.001). SHapley Additive exPlanations (SHAP) analysis enhanced interpretability and 
identified ALB, age, and lymph node metastasis as the most influential features driving predictions. Among 725 pa-
tients (92.5%) with follow-up data, 77 deaths (10.6%) occurred, and survival analyses demonstrated that unmarried 
status (HR=2.21), lymph node metastasis (HR=4.74), higher FIGO stage (HR=5.15), poor differentiation (HR=2.12), 
and higher risk scores (HR=1.88) were independently associated with worse overall survival, whereas human papil-
lomavirus positivity was protective (HR=0.63). These findings suggest that the proposed nomogram provides ac-
curate and explainable prediction of postoperative malnutrition and may support early risk stratification as well as 
long-term prognostic assessment in cervical cancer patients.
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Introduction

Cervical cancer remains a leading cause of 
cancer-related death among women worldwide, 
with hundreds of thousands of new cases and 
deaths reported annually [1]. While screening 
and treatment for cervical cancer have im- 
proved, outcomes remain inconsistent. Pro- 
gnosis depends on tumor stage, histological 
characteristics, and treatment approach, but 

nutritional status has emerged as an impor- 
tant independent predictor of survival [2, 3]. 
Malnutrition is common in patients with cervi-
cal cancer, and its causes are rarely singular. 
Over time, tumor-induced wasting leads to 
weight loss and muscle loss. Treatments also 
result in reduced intake and increased energy 
requirements: surgery can lead to short-term 
fasting and stress; radiation therapy often 
causes inflammation of the oral or intestinal 
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mucosa; and chemotherapy often causes nau-
sea and loss of taste, reducing food intake [4]. 
Stress and low mood also have an impact; anxi-
ety and depression can reduce appetite and 
make people lose the desire to prepare food 
[5]. The consequences are not limited to weight 
loss; postoperative infections are more com-
mon, wound healing time is longer, hospital 
stays are longer, and costs are higher [6]. 
Malnourished patients often struggle to toler-
ate chemotherapy and radiotherapy, forcing cli-
nicians to reduce dosages or postpone treat-
ment cycles, sometimes leading to premature 
termination and poorer outcomes [7]. Later, 
patients remain weak, experience slow recov-
ery, and suffer from a decline in quality of life 
[8]. Studies have repeatedly shown that pa- 
tients with nutritional risks before surgery or 
during radiotherapy have lower survival rates in 
the cervical cancer population [9].

Early identification of patients at risk of malnu-
trition is crucial, as delayed intervention can 
diminish the effectiveness of any intervention. 
Most clinics rely on inadequate tools. Nutritional 
Risk Screening 2002 and Subjective Global 
Assessment are widely used, but both require 
trained staff, are time-consuming to adminis- 
ter at the bedside, and exhibit significant differ-
ences between assessors [10, 11]. They often 
provide warnings too late, when patients’ 
weight and physical function have already 
declined, making nutritional intervention insuf-
ficient to fully reverse this decline [12]. Single 
laboratory tests, while seemingly simple, often 
fail to address the underlying issues. Serum 
albumin levels can change with inflammation, 
fluid shifts, and organ function, and therefore 
their results are often unreliable when used 
alone [13]. Studies of cervical cancer patients 
undergoing surgery have also reached similar 
conclusions: a single checklist or a single bio-
marker can miss patients who actually have 
problems but appear stable on written exami-
nations [8]. A more effective system should 
begin upon admission, continue throughout 
hospitalization, and keep pace with treatment 
progress. Screening should be rapid, repeat-
able, and easily taught. Results should be 
updated as clinical conditions change so that 
the healthcare team can initiate oral supple-
ments, immunonutritional support, or counsel-
ing at the appropriate time, rather than after 
two treatment cycles. Standardized scoring can 
reduce the training burden, narrow the variabil-

ity among assessors, and make the process 
feasible in daily practice.

Machine learning offers a way to address these 
shortcomings. Models do not have to rely on a 
single score or a single analyte but can extract 
signals from routine variables such as age, 
body size, tumor and treatment details, vital 
signs, complete blood counts, and biochemi- 
cal indicators. The interactions between these 
input variables are beyond the grasp of simple 
rules, and nonlinearity is the norm rather than 
the exception [14, 15]. Recent oncology reports 
have shown that such models achieve or ex- 
ceed the accuracy of traditional tools in classi-
fying patient nutritional risks. In this study, we 
set out to build and test a model for cervical 
cancer patients scheduled for surgery. We  
collected a retrospective cohort, selected clini-
cally relevant and data-stable predictors, and 
trained the model against predefined discrimi-
nation and calibration targets. We then per-
formed internal validation and added external 
testing to examine the model’s generalizabi- 
lity while preventing overfitting. We used the 
SHapley Additive exPlanations (SHAP) method 
to show which variables increased and de- 
creased risk in each patient. These results are 
easily accessible at the clinical level. Our goal is 
practical: to provide clinicians with an objective 
screening method that encourages timely nutri-
tional care and helps patients adhere to treat-
ment. Achieving this should improve patient 
outcomes.

Materials and methods

Data source

We conducted a retrospective cohort study at 
Northwest Women’s and Children’s Hospital, 
Xi’an International Medical Center and Yan’an 
Traditional Chinese Medicine Hospital, includ-
ing cervical cancer patients who underwent 
surgery between January 2015 and January 
2022. A total of 784 patients met the inclusion 
criteria. These patients were divided into three 
cohorts: a training set (n=431), an internal vali-
dation set (n=180), and an external validation 
set (n=173). The protocol was approved by the 
Medical Ethics Committee of Yan’an Traditional 
Chinese Medicine Hospital, exempting informed 
consent, and all procedures complied with the 
Declaration of Helsinki. Since the core of this 
study is the development of a predictive model 
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rather than the estimation of a single propor-
tion, we used the variable per event (EPV) prin-
ciple to determine the sample size rather than 
a single sample rate calculation. According to 
previous literature, the recommended EPV for 
model development is 10-20 [16]. Given that 
the incidence of postoperative malnutrition in 
cervical cancer patients is reported to be about 
40%, and there are 8 candidate variables, 
when EPV=20, the calculation formula yields 
the minimum sample size N=8 × 20/0.40=400 
cases (N P

k EPV
total

event
=

# ). The actual cohort of 784 
patients significantly exceeded this threshold, 
ensuring statistical robustness of model de- 
velopment, internal, and external validations. 
Samples were randomly assigned in a 7:3 ratio 
to the training set (n=431) and the internal vali-

dation set (n=180), with 173 cases in the exter-
nal set used to assess generalizability (Figure 
1).

Inclusion and exclusion criteria

Inclusion criteria included: female patients 
aged ≥18 years; pathologically confirmed cer- 
vical cancer; FIGO stage IB or IIA; first radical 
hysterectomy and pelvic lymph node dis- 
section; completion of the Nutritional Risk 
Screening 2002 (NRS-2002) assessment [17, 
18]; and complete clinical data.

Exclusion criteria included: concomitant malig-
nancies; preoperative neoadjuvant chemother-
apy or radiotherapy; severe heart, liver, or kid-
ney dysfunction or other systemic diseases; 

Figure 1. Study flowchart.
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preoperative acute/chronic infections; preg-
nancy or lactation; missing >20% of clinical or 
follow-up data; incomplete preoperative NRS-
2002; refusal to participate or loss to follow- 
up.

Data collection

Clinical data and laboratory indicators were 
obtained from the hospital’s electronic medical 
record (EMR) system and outpatient follow-up 
records. All data extraction was performed 
independently by two trained researchers, with 
a third researcher resolving any discrepanci- 
es. Collected variables included demographic 
information (age, body mass index [BMI], mari-
tal status, place of residence, education level), 
disease-related factors (FIGO stage, pathologi-
cal type, differentiation degree, deep stromal 
invasion, lymphovascular invasion, lymph node 
metastasis, surgical margin status), treatment 
details (surgical procedure, preoperative par-
enteral nutrition support, human papillomavi-
rus [HPV] status), postoperative complications 
(lymphedema, pain), functional status (Eastern 
Cooperative Oncology Group performance sta-
tus [ECOG-PS]), and social support (presence 
or absence of caregivers). Preoperative fasting 
(8-12 hours) venous blood samples were test-
ed by the hospital laboratory, including albu- 
min (ALB). In this study, some cervical cancer 
patients received parenteral nutrition (PN)  
within 48 hours after surgery. The main rea-
sons were as follows: (1) the gastrointestinal 
tract was not fully recovered and could not take 
in enough nutrition through oral/enteral routes; 
(2) there was potential nutritional risk or hypo-
albuminemia, requiring short-term intravenous 
supplementation; (3) the doctor decided ac- 
cording to the patient’s overall condition (e.g., 
advanced age, low BMI, gastrointestinal symp-
toms, comorbidities).

Laboratory tests

ALB was measured using a fully automated bio-
chemical analyzer (Cobas 8000 c702 module, 
Roche Diagnostics, Basel, Switzerland) and 
matching test kits (Roche Diagnostics, Basel, 
Switzerland) via the bromocresol green (BCG) 
colorimetric method, with a reference range of 
40-55 g/L. Human papillomavirus (HPV) de- 
tection was performed using real-time quanti-
tative PCR (Cobas 4800 HPV system, Roche 
Diagnostics, Basel, Switzerland).

Nutritional risk assessment

Nutritional risk screening using the NRS-2002 
was conducted at the outpatient follow-up visit 
30 days post-surgery. The NRS-2002 score in- 
tegrates the degree of nutritional impairment, 
disease severity, and age-adjusted factors, 
with a score range of 0-7 [17, 18]. According to 
the criteria, patients with a score ≥3 were clas-
sified as malnourished, and those with a score 
<3 were classified as nutritionally normal. 
Routine single nutritional indicators (such as 
ALB) were collected routinely through fasting 
blood sampling upon admission; general infor-
mation was retrieved from the EMR. All assess-
ments were performed using standardized pro-
cedures by uniformly trained clinical nurses to 
ensure consistency.

Follow-up

Long-term survival follow-up was conducted  
on enrolled patients via inpatient EMR, outpa-
tient/inpatient records, telephone, or WeChat. 
Follow-up content included survival status, 
recurrence/metastasis, and the date of last 
visit. Follow-up frequency: every 3 months for 
the first 2 years post-surgery, every 6 months 
thereafter for 5 years, and annually thereafter. 
The primary follow-up methods were outpatient 
visits and telephone follow-ups; for patients 
who did not adhere to the schedule, nurses 
would contact them supplementarily via tele-
phone/WeChat until their status was confirm- 
ed or they were lost to follow-up. The endpoint 
event was the date of last follow-up or the date 
of death; for patients without an event, the cut-
off date was the date of last follow-up. The cut-
off date was January 31, 2025. Of the 784 
patients, 725 (92.5%) were successfully fol-
lowed up, and 59 (7.5%) were lost to follow-up. 
Among the patients successfully followed up, 
648 (89.4%) survived, and 77 (10.6%) died, 
indicating a high follow-up completion rate. The 
median follow-up time was calculated using the 
inverse Kaplan-Meier method, and overall sur-
vival (OS) was assessed using survival curves.

Outcome measures: Primary outcome mea-
sures: incidence of malnutrition at 30 days 
post-surgery (proportion of patients with NRS-
2002 ≥3 points) and model discrimination abil-
ity (assessed by area under the ROC curve 
(AUC)). Secondary outcome measures: model 
indicators (sensitivity, specificity, positive pre-
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dictive value (PPV), negative predictive value 
(NPV), F1 score, Youden index, accuracy); cali-
bration (Brier score, calibration curve); utility 
(decision curve analysis (DCA), net benefit, 
interventions avoided per 100 patients); inter-
pretability (SHAP value, feature ranking). In 
addition, overall survival, as a long-term prog-
nostic indicator, was assessed using a Cox  
proportional hazards model to evaluate the 
impact of malnutrition and related factors.

Statistical analysis

Analysis was performed in R version 4.3.4 
(Vienna, Austria, R Foundation for Statistical 
Computation), using packages including caret, 
pROC, rms, ggplot2, SHAPforxgboost, dplyr, 
survival, and survminer. A two-sided p-value 
<0.05 was considered statistically significant. 
Continuous variables were expressed as me- 
an ± standard deviation (

_
x±s) or median [Q1, 

Q3]. Categorical variables were expressed as n 
(%). Between-group comparisons: independent 
samples t-tests or Mann-Whitney U tests were 
used for continuous variables; χ2 tests or 
Fisher’s exact test were used for categorical 
variables. Correlation analysis was performed 
using Pearson or Spearman correlation analy-
sis; multicollinearity was assessed using the 
variance inflation factor (VIF >10 indicates 
severe multicollinearity). Risk factors for mal-
nutrition were identified using univariate logis-
tic regression (P<0.05). Statistically significant 
variables were then included in a multivariate 
forward stepwise (Wald) regression model for 
prediction, with odds ratio (OR) and 95% confi-
dence interval (CI) as outputs. Model perfor-
mance evaluation metrics included the AUC, 
(>0.7 indicating good discriminative ability), 
Brier score (<0.2 indicating good calibration), 
calibration consistency, DCA to assess the net 
benefit of threshold specificity. The DeLong test 
was used to compare the AUC of RISK and ALB; 
eigenvalue contribution and model interpret-
ability were assessed using SHAP. The training 
set/internal validation set was randomly stra- 
tified in a 7:3 ratio to match the incidence of 
malnutrition. The external validation set was 
obtained from independent research centers to 
assess the model’s generalizability. Samples 
with >20% missing data were excluded; sam-
ples with <5% missing data were processed 
using multiple imputation. OS analysis: all pa- 
tients were included, defined as the time from 
the date of surgery to death from any cause 

(censored at the last follow-up or loss to follow-
up). Survival rates were estimated using the 
Kaplan-Meier method and compared using the 
log-rank test. Independent influencing factors 
(HR, 95% CI) were identified using univariate 
and multivariate Cox proportional hazards re- 
gression models, and variables with P<0.05 
were included in the multivariate analysis. The 
proportional hazards hypothesis was validated 
using Schoenfeld residuals. The effects of mal-
nutrition, ALB, HPV, FIGO stage, lymph node 
status, and differentiation degree on OS were 
assessed. The goodness of fit of the models 
was evaluated using the likelihood ratio test, 
Wald test, and Score test.

Results

Analysis of clinical characteristics and malnu-
trition risk in cervical cancer patients

Of the 784 patients, 310 (39.54%) experienc- 
ed postoperative malnutrition (NRS-2002 ≥3), 
while 474 (60.46%) had normal nutritional  
status. This study analyzed the association 
between clinical characteristics and the risk of 
malnutrition in cervical cancer patients. There 
were no significant differences in the incidence 
of malnutrition among the training set, valida-
tion set (split in a 7:3 ratio), and external vali- 
dation set (P>0.05, see Table 1). Within each 
group, there were no significant differences in 
age, body mass index (BMI), marital status, 
presence or absence of caregivers, PN support, 
lymph node metastasis, postoperative lymph-
edema, postoperative pain, ECOG-PS, FIGO 
stage, pathological type, differentiation degree, 
surgical margin status, deep stromal invasion, 
lymphovascular invasion, surgical procedure, 
HPV status, place of residence, and education 
level (all P>0.05, Table 1).

Analysis of clinical characteristics and mal-
nutrition in the training set of cervical cancer 
patients

In the training set, malnutrition was defined as 
a NRS-2002 score ≥3; a score <3 indicated 
normal nutritional status. Univariate analysis 
revealed significant associations between mal-
nutrition and age (P<0.001), BMI (P<0.001), 
marital status (P<0.001), presence of caregiv-
ers (P<0.001), receipt of PN support (P<0.001), 
lymph node metastasis (P<0.001), FIGO sta- 
ge (P=0.012), and ALB level (P<0.001). In con-
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Table 1. Analysis of clinical characteristics and their association with malnutrition risk in cervical 
cancer patients

Variable Total Training Set 
(n=431)

Validation Set 
(n=180)

External 
Validation Set 

(n=173)

χ2 
Value P Value

Malnutrition 5.773 0.056
    Yes 310 (39.54%) 161 (37.35%) 85 (47.22%) 64 (36.99%)
    No 474 (60.46%) 270 (62.65%) 95 (52.78%) 109 (63.01%)
Age 3.767 0.152
    ≥60 years 285 (36.35%) 152 (35.27%) 76 (42.22%) 57 (32.95%)
    <60 years 499 (63.65%) 279 (64.73%) 104 (57.78%) 116 (67.05%)
BMI (kg/m2) 0.140 0.932
    <18.5 125 (15.94%) 70 (16.24%) 29 (16.11%) 26 (15.03%)
    ≥18.5 659 (84.06%) 361 (83.76%) 151 (83.89%) 147 (84.97%)
Marital Status 2.550 0.279
    Married 606 (77.30%) 324 (75.17%) 145 (80.56%) 137 (79.19%)
    Other 178 (22.70%) 107 (24.83%) 35 (19.44%) 36 (20.81%)
Caregiver Presence 5.600 0.061
    Family 656 (83.67%) 364 (84.45%) 141 (78.33%) 151 (87.28%)
    Other 128 (16.33%) 67 (15.55%) 39 (21.67%) 22 (12.72%)
Parenteral Nutrition Support 1.096 0.578
    Yes 188 (23.98%) 108 (25.06%) 38 (21.11%) 42 (24.28%)
    No 596 (76.02%) 323 (74.94%) 142 (78.89%) 131 (75.72%)
Lymph Node Metastasis 1.747 0.417
    Yes 383 (48.85%) 202 (46.87%) 90 (50.00%) 91 (52.60%)
    No 401 (51.15%) 229 (53.13%) 90 (50.00%) 82 (47.40%)
Postoperative Lymphedema 2.308 0.315
    Yes 246 (31.38%) 144 (33.41%) 55 (30.56%) 47 (27.17%)
    No 538 (68.62%) 287 (66.59%) 125 (69.44%) 126 (72.83%)
Postoperative Pain 4.292 0.117
    Yes 124 (15.82%) 78 (18.10%) 26 (14.44%) 20 (11.56%)
    No 660 (84.18%) 353 (81.90%) 154 (85.56%) 153 (88.44%)
ECOG-PS 0.444 0.801
    0-1 575 (73.34%) 312 (72.39%) 134 (74.44%) 129 (74.57%)
    2 209 (26.66%) 119 (27.61%) 46 (25.56%) 44 (25.43%)
FIGO Stage 0.431 0.806
    IB 400 (51.02%) 218 (50.58%) 90 (50.00%) 92 (53.18%)
    IIA 384 (48.98%) 213 (49.42%) 90 (50.00%) 81 (46.82%)
Pathology Type 1.284 0.526
    Squamous Cell Carcinoma 644 (82.14%) 356 (82.60%) 143 (79.44%) 145 (83.82%)
    Adenocarcinoma or Other 140 (17.86%) 75 (17.40%) 37 (20.56%) 28 (16.18%)
Differentiation Grade 5.858 0.053
    Poor 285 (36.35%) 171 (39.68%) 53 (29.44%) 61 (35.26%)
    Moderate/High 499 (63.65%) 260 (60.32%) 127 (70.56%) 112 (64.74%)
Surgical Margin 0.855 0.652
    Positive 53 (6.76%) 31 (7.19%) 13 (7.22%) 9 (5.20%)
    Negative 731 (93.24%) 400 (92.81%) 167 (92.78%) 164 (94.80%)
Deep Stromal Invasion 3.237 0.198
    ≥1/2 510 (65.05%) 288 (66.82%) 107 (59.44%) 115 (66.47%)
    <1/2 274 (34.95%) 143 (33.18%) 73 (40.56%) 58 (33.53%)
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Lymphovascular Invasion 0.854 0.652
    Yes 234 (29.85%) 128 (29.70%) 58 (32.22%) 48 (27.75%)
    No 550 (70.15%) 303 (70.30%) 122 (67.78%) 125 (72.25%)
Surgical Approach 1.962 0.375
    Laparoscopic 336 (42.86%) 184 (42.69%) 84 (46.67%) 68 (39.31%)
    Open 448 (57.14%) 247 (57.31%) 96 (53.33%) 105 (60.69%)
HPV 4.025 0.134
    Positive 546 (69.64%) 298 (69.14%) 135 (75.00%) 113 (65.32%)
    Negative 238 (30.36%) 133 (30.86%) 45 (25.00%) 60 (34.68%)
Residence 1.841 0.398
    Rural 280 (35.71%) 151 (35.03%) 60 (33.33%) 69 (39.88%)
    Urban 504 (64.29%) 280 (64.97%) 120 (66.67%) 104 (60.12%)
Education Level 0.789 0.674
    ≥ High School 542 (69.13%) 300 (69.61%) 127 (70.56%) 115 (66.47%)
    < High School 242 (30.87%) 131 (30.39%) 53 (29.44%) 58 (33.53%)
ALB 4.614 0.100
    ≥40 190 (24.23%) 100 (23.20%) 54 (30.00%) 36 (20.81%)
    <40 594 (75.77%) 331 (76.80%) 126 (70.00%) 137 (79.19%)
Note: ALB, albumin; BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; FIGO, Interna-
tional Federation of Gynecology and Obstetrics.

trast, postoperative lymphedema (P=0.705), 
postoperative pain (P=0.184), ECOG-PS (P= 
0.145), pathological type (P=0.191), differen- 
tiation degree (P=0.162), surgical margin 
(P=0.823), deep stromal invasion (P=0.070), 
lymphovascular invasion (P=0.634), surgical 
procedure (P=0.175), HPV status (P=0.712), 
place of residence (P=0.769), and education 
level (P=0.525) showed no significant asso- 
ciation (all P>0.05, Table 2).

Correlation and VIF analysis in the training set 
of cervical cancer patients

Correlation analysis in the training set show- 
ed weak overall associations among variables 
(absolute coefficient <0.15), with only a few 
statistically significant but small-effect-size cor-
relations. Specifically, age was weakly nega- 
tively correlated with the ECOG-PS score (r=-
0.131, P=0.007), indicating that older patients 
had slightly better performance status scores. 
BMI was weakly negatively correlated with mar-
ital status (r=-0.111, P=0.021), meaning that 
unmarried individuals tend to have lower BMIs. 
Postoperative lymphedema was weakly posi-
tively correlated with the FIGO stage (r=0.120, 
P=0.013), while FIGO stage was weakly nega-
tively correlated with lymphovascular invasion 
(r=-0.119, P=0.013) and HPV status (r=-0.098, 
P=0.043). Pathological type was negatively cor-

related with surgical method (r=-0.099, P= 
0.040); differentiation degree was weakly neg-
atively correlated with lymphovascular invasion 
(r=-0.102, P=0.035), HPV status (r=-0.095, 
P=0.049), and education level (r=-0.103, P= 
0.032), but weakly positively correlated with 
ALB (r=0.105, P=0.030). Marital status was 
also weakly negatively correlated with place of 
residence (r=-0.096, P=0.047). Other correla-
tions were not statistically significant (P≥0.05). 
Overall, linear correlations were minimal, and 
no significant multicollinearity was observed 
(P>0.05, Table 3 and Figure 2).

Univariable and multivariable logistic regres-
sion analysis in the training set of cervical 
cancer patients

Univariate and multivariate logistic regression 
were used to assess the association between 
clinical characteristics and the risk of malnutri-
tion. In the univariate analysis, age, BMI, mari-
tal status, presence of a caregiver, PN support, 
lymph node metastasis, FIGO stage, and ALB 
were significantly associated with this risk - 
specifically, age (P<0.001), BMI (P<0.001), ma- 
rital status (P<0.001), presence of a caregiver 
(P<0.001), PN support (P<0.001), lymph node 
metastasis (P=0.001), and ALB (P<0.001) were 
key risk factors, as was FIGO stage (P=0.013). 
Other factors, including postoperative lymph-
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Table 2. Analysis of clinical characteristics and malnutrition in the training set of cervical cancer 
patients

Variable Total Malnourished 
Group (N=161)

Normal Group 
(N=270) χ2 Value P Value

Age 12.879 <0.001
    ≥60 years 152 (35.27%) 74 (45.96%) 78 (28.89%)
    <60 years 279 (64.73%) 87 (54.04%) 192 (71.11%)
BMI (kg/m2) 12.038 <0.001
    <18.5 70 (16.24%) 39 (24.22%) 31 (11.48%)
    ≥18.5 361 (83.76%) 122 (75.78%) 239 (88.52%)
Marital Status 15.408 <0.001
    Married 324 (75.17%) 104 (64.60%) 220 (81.48%)
    Other 107 (24.83%) 57 (35.40%) 50 (18.52%)
Caregiver Presence 12.708 <0.001
    Family 364 (84.45%) 123 (76.40%) 241 (89.26%)
    Other 67 (15.55%) 38 (23.60%) 29 (10.74%)
Parenteral Nutrition Support 11.342 <0.001
    Yes 108 (25.06%) 55 (34.16%) 53 (19.63%)
    No 323 (74.94%) 106 (65.84%) 217 (80.37%)
Lymph Node Metastasis 10.896 <0.001
    Yes 202 (46.87%) 92 (57.14%) 110 (40.74%)
    No 229 (53.13%) 69 (42.86%) 160 (59.26%)
Postoperative Lymphedema 0.143 0.705
    Yes 144 (33.41%) 52 (32.30%) 92 (34.07%)
    No 287 (66.59%) 109 (67.70%) 178 (65.93%)
Postoperative Pain 1.765 0.184
    Yes 78 (18.10%) 24 (14.91%) 54 (20.00%)
    No 353 (81.90%) 137 (85.09%) 216 (80.00%)
ECOG-PS 2.127 0.145
    0-1 312 (72.39%) 110 (68.32%) 202 (74.81%)
    2 119 (27.61%) 51 (31.68%) 68 (25.19%)
FIGO Stage 6.263 0.012
    IIA 218 (50.58%) 94 (58.39%) 124 (45.93%)
    IB 213 (49.42%) 67 (41.61%) 146 (54.07%)
Pathology Type 1.713 0.191
    Squamous Cell Carcinoma 356 (82.60%) 128 (79.50%) 228 (84.44%)
    Adenocarcinoma or Other 75 (17.40%) 33 (20.50%) 42 (15.56%)
Differentiation Grade 1.959 0.162
    Poor 171 (39.68%) 57 (35.40%) 114 (42.22%)
    Moderate/High 260 (60.32%) 104 (64.60%) 156 (57.78%)
Surgical Margin 0.050 0.823
    Positive 31 (7.19%) 11 (6.83%) 20 (7.41%)
    Negative 400 (92.81%) 150 (93.17%) 250 (92.59%)
Deep Stromal Invasion 3.294 0.070
    ≥1/2 288 (66.82%) 99 (61.49%) 189 (70.00%)
    <1/2 143 (33.18%) 62 (38.51%) 81 (30.00%)
Lymphovascular Invasion 0.227 0.634
    Yes 128 (29.70%) 50 (31.06%) 78 (28.89%)
    No 303 (70.30%) 111 (68.94%) 192 (71.11%)
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Surgical Approach 1.837 0.175
    Laparoscopic 184 (42.69%) 62 (38.51%) 122 (45.19%)
    Open 247 (57.31%) 99 (61.49%) 148 (54.81%)
HPV 0.137 0.712
    Positive 307 (71.23%) 113 (70.19%) 194 (71.85%)
    Negative 124 (28.77%) 48 (29.81%) 76 (28.15%)
Residence 0.086 0.769
    Rural 151 (35.03%) 55 (34.16%) 96 (35.56%)
    Urban 280 (64.97%) 106 (65.84%) 174 (64.44%)
Education Level 0.404 0.525
    ≥ High School 300 (69.61%) 115 (71.43%) 185 (68.52%)
    < High School 131 (30.39%) 46 (28.57%) 85 (31.48%)
ALB 13.119 <0.001
    ≥40 100 (23.20%) 22 (13.66%) 78 (28.89%)
    <40 331 (76.80%) 139 (86.34%) 192 (71.11%)
Note: ALB, albumin; BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; FIGO, Interna-
tional Federation of Gynecology and Obstetrics.

Table 3. VIF analysis and variable assignment in the training set of cervical cancer patients
Variable VIF Interpretation Assignment Content
Age (years) 1.051 Low multicollinearity ≥60 years = 1, <60 years = 0
BMI (kg/m2) 1.038 Low multicollinearity <18.5=1, ≥18.5=0
Marital_status 1.077 Low multicollinearity Married = 1, Other = 0
Caregiving_situation 1.064 Low multicollinearity Family = 1, Other = 0
Parenteral_nutrition_support 1.051 Low multicollinearity Yes = 1, No = 0
Lymph_node_metastasis 1.061 Low multicollinearity Yes = 1, No = 0
Postoperative_lymphedema 1.037 Low multicollinearity Yes = 1, No = 0
Postoperative_pain 1.045 Low multicollinearity Yes = 1, No = 0
ECOG_PS 1.073 Low multicollinearity 0-1=1, 2=0
FIGO_staging 1.088 Low multicollinearity IIA=1, IB=0
Pathological_type 1.039 Low multicollinearity Squamous cell carcinoma = 1, Adenocarcinoma or other = 0
Differentiation_grade 1.056 Low multicollinearity Poor = 1, Moderate/High = 0
Surgical_margin 1.041 Low multicollinearity Positive = 1, Negative = 0
Deep_stromal_invasion 1.046 Low multicollinearity ≥1/2=1, <1/2=0
Lymphovascular_invasion 1.05 Low multicollinearity Yes = 1, No = 0
Surgical_approach 1.041 Low multicollinearity Laparoscopic = 1, Open = 0
HPV 1.041 Low multicollinearity Positive = 1, Negative = 0
Place_of_residence 1.037 Low multicollinearity Rural = 1, Urban = 0
Education_level 1.044 Low multicollinearity ≥ High school = 1, < High school = 0
ALB 1.063 Low multicollinearity ≥40=1, <40=0
Note: BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; FIGO, International Federation of Gynecology 
and Obstetrics; HPV, human papillomavirus; ALB, albumin.

edema (P=0.705), postoperative pain (P= 
0.185), ECOG-PS (P=0.145), pathological type 
(P=0.192), differentiation degree (P=0.306), 
surgical margin (P=0.823), deep stromal inva-
sion (P=0.137), lymphovascular invasion (P= 
0.634), surgical procedure (P=0.176), HPV 
(P=0.712), place of residence (P=0.769), and 
education level (P=0.525), were not statistical-

ly significant (Table 4). Multivariate analysis 
showed that age (P<0.001), BMI (P=0.007), 
marital status (P=0.002), presence of care- 
giver (P<0.001), PN support (P<0.001), lymph 
node metastasis (P=0.001), and ALB (P< 
0.001) were independent risk factors; FIGO 
stage (P=0.004) remained significant, while  
the other factors were not (see Table 4). Using 
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Figure 2. Correlation analysis matrix among clinical characteristics in the training group of cervical cancer patients. 
Note: BMI, Body Mass Index; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; FIGO, Interna-
tional Federation of Gynecology and Obstetrics; HPV, Human Papillomavirus; ALB, Albumin.

the reference category as a baseline, the direc-
tion of the regression coefficients was clearly 
defined and clinically interpretable (≥60 years, 
BMI <18.5 kg/m2, married, with family caregiv-
er, receiving PN support, positive lymph nodes, 
FIGO stage IIA, ALB ≥40 g/L). Adults under 60 
years of age with a BMI of 18.5 kg/m2 had a 
lower probability of malnutrition. This suggests 
that older age and being underweight increase 
the likelihood of malnutrition. Unmarried status 
and non-family care significantly increase the 
risk, while family care reduces the risk. Patients 
receiving intravenous nutrition have a higher 
risk of malnutrition than those receiving con-

ventional nutrition. The study suggests this 
finding may be due to reverse causality, as 
intravenous nutrition is only administered when 
patients are perceived as nutritionally vulnera-
ble. Lymph node metastasis and FIGO staging 
increase the risk of malnutrition; albumin levels 
reflect the effectiveness of professional nutri-
tionist intervention.

ROC curve analysis and performance evalu-
ation of models in training, validation, and 
external validation sets

Figure 3 depicts the ROC curves and perfor-
mance metrics for the training, validation, and 
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Table 4. Univariable and multivariable logistic regression analysis in the training set of cervical can-
cer patients

Characteristics Total 
(N)

Univariate Analysis Multivariable Analysis
OR (95% CI) P Value OR (95% CI) P Value

Age 431
    ≥60 years 152 Reference Reference
    <60 years 279 0.478 (0.318-0.717) <0.001 0.449 (0.285-0.706) <0.001
BMI 431
    <18.5 70 Reference Reference
    ≥18.5 361 0.406 (0.241-0.682) <0.001 0.452 (0.253-0.808) 0.007
Marital_status 431
    Married 324 Reference Reference
    Other 107 2.412 (1.544-3.766) <0.001 2.190 (1.332-3.600) 0.002
Caregiving_situation 431
    Family caregiver 364 Reference Reference
    Other caregiver 67 2.567 (1.511-4.361) <0.001 2.986 (1.631-5.468) <0.001
Parenteral_nutrition_support 431
    Yes 108 Reference Reference
    No 323 0.471 (0.302-0.733) <0.001 0.407 (0.246-0.671) <0.001
Lymph_node_metastasis 431
    Yes 202 Reference Reference
    No 229 0.516 (0.347-0.766) 0.001 0.485 (0.313-0.753) 0.001
Postoperative_lymphedema 431
    Yes 144 Reference
    No 287 1.083 (0.715-1.641) 0.705
Postoperative_pain 431
    Yes 78 Reference
    No 353 1.427 (0.843-2.416) 0.185
ECOG_PS 431
    0-1 312 Reference
    2 119 1.377 (0.895-2.119) 0.145
FIGO_staging 431
    IIA 218 Reference Reference
    IB 213 0.605 (0.408-0.898) 0.013 0.520 (0.333-0.813) 0.004
Pathological_type 431
    Squamous cell carcinoma 356 Reference
    Adenocarcinoma or other 75 1.400 (0.845-2.318) 0.192
Differentiation_grade 431
    Poor 166 Reference
    Moderate/High 265 1.235 (0.824-1.851) 0.306
Surgical_margin 431
    Positive 31 Reference
    Negative 400 1.091 (0.509-2.340) 0.823
Deep_stromal_invasion 431
    ≥1/2 284 Reference
    <1/2 147 1.363 (0.906-2.050) 0.137
Lymphovascular_invasion 431
    Yes 128 Reference
    No 303 0.902 (0.590-1.380) 0.634
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Surgical_approach 431
    Laparoscopic 184 Reference
    Open 247 1.316 (0.884-1.959) 0.176
HPV 431
    Positive 307 Reference
    Negative 124 1.084 (0.706-1.666) 0.712
Place_of_residence 431
    Rural 151 Reference
    Urban 280 1.063 (0.706-1.602) 0.769
Education_level 431
    ≥ High school 300 Reference
    < High school 131 0.871 (0.568-1.335) 0.525
ALB 431
    ≥40 100 Reference Reference
    <40 331 2.567 (1.524-4.322) <0.001 3.323 (1.856-5.949) <0.001
Note: BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; FIGO, International Federa-
tion of Gynecology and Obstetrics; HPV, human papillomavirus; ALB, albumin.

external validation sets. The AUC values were 
0.756, 0.742, and 0.807, respectively, indicat-
ing good model performance in each group. 
Training set: accuracy 73.09%, sensitivity 
66.46%, specificity 77.04%, positive predic- 
tive value (PPV) 63.31%, negative predictive 
value (NPV) 79.39%, F1 score 64.85%, You- 
den index 43.50%. Validation set: accuracy 
68.89%, sensitivity 57.65%, specificity 78.95%, 
PPV 71.01%, NPV 67.57%, F1 score 63.64%, 
Youden index 36.59%. External validation set: 
Accuracy 73.41%, sensitivity 65.63%, specifici-
ty 77.98%, PPV 63.64%, NPV 79.44%, F1 score 
64.62%, Youden index 43.61% (see Table 5). 
The risk model formula is: Risk = -0.1410 + 
0.8009 × Age + 0.7939 × BMI - 0.7837 × 
Marital_status - 1.0941 × Caregiving_situation 
+ 0.9001 × Parenteral_nutrition_support + 
0.7228 × Lymph_node_metastasis + 0.6542 × 
FIGO_staging - 1.2008 × ALB.

Model calibration and clinical utility assess-
ment

We validated the model in three aspects. First, 
it demonstrated strong discriminative power: 
the C-index was 0.792 for the training set, 
0.928 for the validation set, and 0.918 for the 
external test set. Likelihood ratio, Wald, and 
Score tests all showed significant differences 
(all P<0.001), further supporting this finding. 
Second, the calibration was effective. The Brier 
scores for the three datasets were 0.1859, 
0.2143, and 0.1788, all below 0.22, with two 

below 0.19. Also, the Hosmer-Lemeshow good-
ness-of-fit test was significant in the training 
set (χ2=485.33, df=8, P<0.001), the internal 
validation set (χ2=238.57, df=8, P<0.001), and 
the external validation set (χ2=261.69, df=8, 
P<0.001). Due to the large sample size, the 
smaller p-values likely reflect slight calibration 
bias rather than clinically significant bias. The 
calibration plot (Figure 4) shows that the pre-
dicted risk is highly consistent with the ob- 
served risk at each decimal place. Third, the 
decision curves showed the clinical benefit of 
the model. As shown in Figure 5, the model  
outperformed both the “treat all patients” and 
“do not treat any patients” strategies at multi-
ple thresholds. At a threshold of 0.99, the 
model avoided unnecessary interventions in 
62.27 (training set), 52.30 (internal validation 
set), and 62.63 (external validation set) out of 
every 100 patients. In short, the model effec-
tively differentiates risks, demonstrates good 
calibration, and contributes to the decision-
making process.

Importance of model features based on SHAP 
values and their impact on predictions

We used SHAP to rank and interpret the inputs 
(Figure 6). ALB ranked first, followed by age, 
lymph node status, PN, and FIGO stage. The 
direction of influence is clearly visible in the 
summary plot. In the SHAP summary plot, an 
increased predicted risk of malnutrition was 
associated with older age, lower BMI, being 
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Figure 3. Model ROC curves for training, validation, and external validation groups. A: ROC curve for the training group. B: ROC curve for the validation group. C: ROC 
curve for the external validation group. D: Confusion matrix for the training group. E: Confusion matrix for the validation group. F: Confusion matrix for the external 
validation group. Note: ROC, Receiver Operating Characteristic curve; AUC, Area Under the Curve; PPV, Positive Predictive Value; NPV, Negative Predictive Value.
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unmarried, not receiving family care, receiving 
PN support, having lymph node metastasis, 
and a higher FIGO stage. In contrast, a de- 
creased predicted risk of malnutrition was as- 
sociated with higher albumin levels and family 
care. Among all factors, PN support was the 
only one with a positive SHAP value, indicat- 
ing a higher estimated risk. This relationship 
between PN and malnutrition is unlikely to be 
direct, but rather an inverse causal relation-
ship. This is because PN is only given to pa- 
tients with severe clinical conditions and/or 
those considered to be at high nutritional risk, 
rather than being the cause of malnutrition. 
These patterns are consistent with clinical 
expectations, making the outputs more trust-
worthy in clinical practice. Quantitative SHAP 
importance confirms these patterns. The me- 
an absolute SAP value for ALB was the highest 
(0.0728), followed by age (0.0696), lymph no- 
de metastasis (0.0676), PN support (0.0651), 
FIGO stage (0.0639), marital status (0.0562), 
care status (0.0544), and BMI (0.0427). This 
numerical contribution validates the ranking of 
feature importance seen in the summary plot 
and dependency plot.

SHAP value decomposition analysis for typical 
samples: comparison of normonourished and 
malnourished cases

Figure 7 details SHAP decomposition of two 
typical samples, explaining the prediction re- 
sults for each sample. Figure 7A (Sample 1, 
malnourished; label = 0, prediction probability 
= 0.24, explained R2=0.87) shows high inter-
pretability. Blue bars for care status, ALB, age, 
and BMI (left: reduced risk) support normal 
nutrition; red bars for marital status, lymph 
node metastasis, FIGO stage, and preoperative 
support (right: increased risk) have a slight 
opposite effect, but the final classification is 
correct. Figure 7B (sample 274, malnutrition; 
label = 1, probability = 0.80, R2=0.87) shows 
the opposite: red bars for care status, ALB, 

marital status, and metastasis increase risk; 
blue bars for support, BMI, age, and stage mo- 
derate the risk, but red bars dominate, accu-
rately confirming malnutrition.

ROC curve comparison of RISK model and 
single ALB indicator in pooled samples

Figure 8 compares the ROC curves of the RISK 
model and ALB in the pooled sample (training + 
test + new data). Figure 8A (RISK): AUC=0.761 
(95% CI: 0.727-0.795); the optimal cutoff has  
a sensitivity of 70.65%, a specificity of 71.94%, 
a Youden index of 42.59%, an accuracy of 
71.43%, a precision of 70.65%, and an F1 score 
of 66.16%. Figure 8B (ALB): AUC=0.590 (95% 
CI: 0.550-0.630); the sensitivity is 81.29%,  
the specificity is 35.65%, the Youden index is 
16.94%, the accuracy is 46.30%, the precision 
is 18.71%, and the F1 score is 21.60%. De- 
Long’s test confirmed the superiority of the 
RISK model (difference = 0.171, 95% CI: 0.119-
0.223; Z=6.423, P<0.001; Table 6), validating 
that the multivariate model is superior to the 
single indicator in assessing the risk of mal- 
nutrition.

Univariable and multivariable Cox regression 
analysis of factors influencing OS in cervical 
cancer patients

Univariate Cox regression analysis showed that 
marital status, lymph node metastasis, FIGO 
stage, differentiation degree, HPV status, ALB 
level, and comprehensive risk score were asso-
ciated with OS (P<0.05). The multivariate mo- 
del preserved the following independent influ-
encing factors: married vs. unmarried (hazard 
ratio [HR]=2.210, 95% CI: 1.159-4.212, P= 
0.016); presence vs. absence of metastasis 
(HR=4.737, 95% CI: 2.689-8.346, P<0.001); 
FIGO stage; and overall risk score. Stage IB-IIA 
(higher stage) vs. lower stage (HR=5.150, 95% 
CI: 2.817-9.414, P<0.001); poorly differentiat-
ed vs. well-differentiated (HR=2.123, 95% CI: 

Table 5. Model performance metrics across training, validation, and external validation groups

Data Group Positive 
Samples

Negative 
Samples Accuracy Sensitivity Specificity PPV NPV F1 Score Youden 

Index
Training Group 161 270 73.09% 66.46% 77.04% 63.31% 79.39% 64.85% 43.50%
Validation Group 85 95 68.89% 57.65% 78.95% 71.01% 67.57% 63.64% 36.59%
External Validation Group 64 109 73.41% 65.63% 77.98% 63.64% 79.44% 64.62% 43.61%
Note: PPV, Positive Predictive Value; NPV, Negative Predictive Value.
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Figure 4. Calibration curves for training set, test set, and new samples. A: Calibration curve for the training set. B: Calibration curve for the test set. C: Calibration 
curve for new samples. Note: The calibration curve illustrates the concordance between predicted probabilities and observed outcomes.

Figure 5. Decision Curve Analysis (DCA) for training set, test set, and new samples. A: DCA curve for the training set. B: DCA curve for the test set. C: DCA curve for 
new samples. Note: DCA, Decision Curve Analysis; The red curve represents the predictive model; The gray curve represents the treat-all strategy; The black curve 
represents the treat-none strategy; The horizontal axis represents threshold probability; The vertical axis represents net benefit.
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Figure 6. Feature importance and impact analysis based on SHAP values. A: Feature importance ranking. B: SHAP 
summary plot. Note: SHAP, SHapley Additive exPlanations; ALD, Preoperative Albumin; FIGO, International Federa-
tion of Gynecology and Obstetrics; BMI, Body Mass Index; Red indicates high feature values, blue indicates low 
feature values; Positive SHAP values indicate increased predictive risk, negative SHAP values indicate decreased 
predictive risk.

1.350-3.338, P=0.001); HPV positive vs. ne- 
gative (HR=0.631, 95% CI: 0.399-0.996, P= 
0.048); risk score (HR=1.883, 95% CI: 1.180-
3.007, P=0.008). Metastasis and advanced 
FIGO stage significantly increased mortality; 
HPV positivity showed a protective trend (high-
er ALB levels also showed a protective trend, 
P=0.074). Other factors, including age (P= 
0.071), BMI (P=0.633), parenteral nutrition 
support (P=0.780), caregiver status (P=0.349), 
ECOG-PS (P=0.948), surgical approach (P= 

0.561), place of residence (P=0.266), and edu-
cation level (P=0.556), were not statistically 
significant in univariable analysis (Table 7).

Discussion

We developed a machine learning model that 
integrates factors such as age, BMI, marital 
status, caregiver type, PN support, lymph node 
metastasis, FIGO stage, and albumin to predict 
the risk of malnutrition in patients with cervi- 
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Figure 7. SHAP value decomposition analysis for representative samples. A: SHAP decomposition diagram for Sam-
ple 1 (normal nutrition case). B: SHAP decomposition diagram for Sample 274 (malnutrition case). Note: SHAP, 
SHapley Additive exPlanations; Blue bars (Supports) indicate features that decrease malnutrition risk; Red bars 
(Contradicts) indicate features that increase malnutrition risk; Weight represents the contribution of features to 
predictive outcomes; Label displays the actual label (0 for normal, 1 for malnutrition); Pred represents the model-
predicted probability; Explanation R2 indicates the degree of model interpretability for the sample prediction.

cal cancer undergoing surgical treatment. The 
model demonstrated stable performance in the 
training cohort, internal validation cohort, and 
external validation cohort, with good discrimi-
nation, reliable calibration, and meaningful 
clinical applicability.

Malnutrition affects many women with cervical 
cancer, and this condition often worsens as 
treatment progresses. In our cohort, the preva-
lence of malnutrition was 17.7% at baseline,  

rising to 47.1% during follow-up. This increase 
alone suggests the need for earlier and more 
aggressive screening. Previous studies have 
reported linking nutritional status to survival in 
this population; one analysis estimated the 
mortality hazard ratio for malnourished pa- 
tients to be 3.12 [17]. While screening tools 
exist, their limitations have been exposed in 
routine practice. The NRS-2002 is widely used 
because it is easy to implement in various 
wards, but it still requires subjective judgment 
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Figure 8. ROC curve comparison between RISK model and single indicator ALB in pooled samples. A: ROC curve for 
the RISK predictive model. B: ROC curve for the ALB single indicator. Note: ROC, Receiver Operating Characteristic; 
AUC, Area Under the Curve; RISK represents the multi-feature combined predictive model; ALB represents the pre-
operative albumin single indicator; The orange shaded area represents the area under the ROC curve; The dashed 
line represents the reference line (AUC=0.5).

Table 6. Performance metrics and DeLong test results for RISK model vs. single indicator ALB in 
pooled samples
Variable 95% CI Specificity Sensitivity Youden Index Accuracy Precision F1 Score
RISK 0.727-0.795 71.94% 70.65% 42.59% 71.43% 70.65% 66.16%
ALB 0.550-0.630 35.65% 81.29% 16.94% 46.30% 18.71% 21.60%
Note: AUC, Area Under the Curve; CI, Confidence Interval; ALB, Albumin; Youden Index = Sensitivity + Specificity - 1; F1 Score 
represents the harmonic mean of precision and recall.

Table 7. Univariable and multivariable Cox regression analysis of factors influencing OS in cervical 
cancer patients

Characteristics Total (N)
Univariate Analysis Multivariable Analysis

HR (95% CI) P Value HR (95% CI) P Value
Age
    ≥60 years 285
    <60 years 499 0.630 (0.382-1.040) 0.071
BMI
    <18.5 125
    ≥18.5 659 0.856 (0.452-1.621) 0.633
Marital_status
    Married 606
    Other 178 1.927 (1.018-3.649) 0.044 2.21 (1.159-4.212) 0.016
Caregiving_situation
    Family caregiver 656
    Other caregiver 128 1.373 (0.707-2.669) 0.349
Parenteral_nutrition_support
    Yes 188
    No 596 0.928 (0.547-1.573) 0.780
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Lymph_node_metastasis
    Yes 383
    No 401 4.647 (2.644-8.169) <0.001 4.737 (2.689-8.346) <0.001
Postoperative_lymphedema
    Yes 246
    No 538 1.501 (0.952-2.367) 0.081
Postoperative_pain
    Yes 124
    No 660 0.784 (0.403-1.523) 0.473
ECOG_PS
    0-1 575
    2 209 1.017 (0.611-1.693) 0.948
FIGO_staging
    IIA 400
    IB 384 5.091 (2.804-9.242) <0.001 5.15 (2.817-9.414) <0.001
Pathological_type
    Squamous cell carcinoma 644
    Adenocarcinoma or other 140 0.978 (0.548-1.746) 0.941
Differentiation_grade
    Poor 285
    Moderate/High 499 2.364 (1.507-3.706) <0.001 2.123 (1.350-3.338) 0.001
Surgical_margin
    Positive 53
    Negative 731 0.761 (0.278-2.082) 0.595
Deep_stromal_invasion
    ≥1/2 510
    <1/2 274 1.624 (0.976-2.703) 0.062
Lymphovascular_invasion
    Yes 234
    No 550 0.947 (0.577-1.552) 0.828
Surgical_approach
    Laparoscopic 336
    Open 448 0.873 (0.552-1.38) 0.561
HPV
    Positive 546
    Negative 238 0.476 (0.304-0.745) 0.001 0.631 (0.399-0.996) 0.048
Place_of_residence
    Rural 280
    Urban 504 1.293 (0.822-2.035) 0.266
Education_level
    ≥ High school 542
    < High school 242 1.160 (0.708-1.902) 0.556
ALB
    ≥40 190
    <40 594 1.960 (1.232-3.118) 0.005 1.540 (0.959-2.474) 0.074
Risk
    Low risk (<-0.581) 398
    High risk (≥-0.581) 386 1.718 (1.083-2.724) 0.021 1.883 (1.180-3.007) 0.008
Note: Risk was categorized by median value -0.581 into high-expression group (≥-0.581) and low-expression group (<-0.581). 
BMI, body mass index; ECOG-PS, Eastern Cooperative Oncology Group Performance Status; FIGO, International Federation of 
Gynecology and Obstetrics; HPV, human papillomavirus; ALB, albumin.
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vidual patients, not just average data. DCA 
showed net benefits across a threshold range 
of 0.04 to 0.99. Within this range, the model 
outperforms both the “all-treatment” and “no-
treatment” strategies. At a very high cutoff 
(0.99), there are 62.27, 52.30, and 62.63 
unnecessary interventions per 100 patients, 
respectively, on the training, internal, and exter-
nal validation sets. In practice, this translates 
to clearer triage: focusing nutritional support 
on those most in need while avoiding additional 
interventions for low-risk patients.

Multivariate logistic regression yielded eight 
independent predictors. The risk was reduced 
for those under 60 years of age, with an odds 
ratio of 0.449. This is consistent with physio- 
logical principles, as older adults typically have 
lower reserves and impaired digestive func- 
tion, which increases susceptibility to malnutri-
tion; large gynecologic oncology studies have 
identified advanced age as an independent risk 
factor [4]. A BMI of 18.5 kg/m2 or higher also 
had a protective effect, with an odds ratio of 
0.452. Lower BMI means less energy and pro-
tein reserves when experiencing surgical stress 
and disease-related catabolism. Psychosocial 
factors were also important. Being unmarried 
increased the risk, with an odds ratio of 2.190, 
while not having a family caregiver further in- 
creased the risk, with an odds ratio of 2.986. 
Family caregivers tend to provide more atten-
tive dietary assistance and more consistent 
encouragement, thus promoting eating; a lack 
of such support usually means poorer meal 
preparation, less motivation to eat, and grea- 
ter stress, all of which negatively impact nutri-
tional status [23]. Albumin was the strongest 
single predictor, with an odds ratio of 3.323. 
ALB levels below 40 g/L indicate low protein 
reserves and impaired hepatic synthesis. We 
still favor a multifactorial approach because 
albumin levels vary with inflammation, organ 
function, and humoral status, which are not 
purely nutritional signals. The advantages of 
this model over albumin alone support this 
choice. Disease burden is also associated with 
risk. Absence of lymph node involvement re- 
duced the risk of malnutrition, with an odds 
ratio of 0.485, as did earlier FIGO IIA stage,  
with an odds ratio of 0.520. These findings are 
consistent with previous studies that have 
associated tumor burden and systemic inflam-
mation with declining nutritional status; one 

from clinicians and is time-consuming. Its com-
ponent scores, such as nutritional status and 
disease severity items, are associated with 
length of hospital stay and mortality in general 
inpatient cohorts [18]. Even so, the perfor-
mance of NRS-2002 varies when compared 
with other short assessment tools, such as 
subjective global assessment for hospitalized 
adults [19]. No single checklist can cover all at-
risk patients, and its performance changes 
with context. In a cervical cancer surgery co- 
hort, Tian et al. showed that patient-generated 
subjective global assessment (PG-SGA) outper-
formed NRS-2002: Youden index was 0.795 
and 0.550, respectively [20]. The message is 
simple: using only one tool will miss some 
patients.

We constructed and tested a multivariate 
model to bridge this gap. The model achieved 
standard discrimination across all three datas-
ets: AUC of 0.756, 0.742, and 0.807, respec-
tively. The external dataset performed best, 
indicating that the model generalizes rather 
than simply memorizing the training data. The 
difference compared to albumin alone was sig-
nificant. Albumin had an AUC of 0.590; our 
model outperformed it by 0.171, with a De Lon 
test p-value <0.001. This result is consistent 
with findings in oncology: models incorporating 
multiple signals outperform any single biomark-
er because they capture interactions and clini-
cal context [21, 22]. What does this mean for 
practical applications? The risk of malnutrition 
increases during treatment. Routine screening 
misses a significant portion of patients, and a 
single laboratory test cannot compensate for 
this deficiency. A model that integrates com-
mon variables can identify risks early, allowing 
sufficient time to adjust treatment plans. This  
is precisely the goal of this study: earlier initia-
tion of screening, easy replication of screening, 
and provision of usable results for healthcare 
teams.

The calibration results are reliable. The Brill 
score is 0.1859 on the training set, 0.2143 on 
the internal validation set, and 0.1788 on the 
external validation set. A score below 0.22 is 
considered acceptable, with scores below 0.19 
on two datasets, indicating a high degree of 
consistency between predicted and observed 
risks. This is crucial in clinical practice, as clini-
cians require reliable data applicable to indi-
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study found that the AUC for lymph node metas-
tasis reached 0.857 after incorporating nutri-
tional variables, highlighting the bidirectional 
link between disease and nutrition [24]. Several 
studies have also shown that low albumin lev-
els are associated with poorer outcomes and 
survival in patients with cervical cancer [25, 
26]. The relationship between increased risk of 
malnutrition and PN support should be inter-
preted with caution. Although PN was found to 
be a positive predictor in regression and SHAP 
analyses, this appears to be a reverse causal 
relationship. Clinicians typically initiate PN be- 
cause patients already have nutritional prob-
lems, gastrointestinal intolerances, or postop-
erative complications, even though PN itself 
does not cause malnutrition. In such cases, PN 
is viewed as a marker of potential clinical sever-
ity rather than a cause of malnutrition, a limita-
tion that is now clearly recognized.

Cox regression correlated the RISK score with 
survival. The score remained an independent 
prognostic factor with a hazard ratio of 1.883 
and a P value of 0.008. Each unit increase  
in the score was associated with an 88.3% 
increase in the risk of death, consistent with 
published associations between malnutrition 
and survival [19]. As expected of established 
prognostic biomarkers, FIGO stage had a haz-
ard ratio of 5.150 and lymph node metastasis 
had a hazard ratio of 4.737. HPV positivity 
reduced the risk with a hazard ratio of 0.631 
and a p-value of 0.048, consistent with earlier 
reports [3]. Poor tumor differentiation incre- 
ased mortality (HR 2.123). Being unmarried 
also increased mortality (HR 2.210). Albumin 
showed some signal but did not reach signifi-
cance (P=0.074); this suggests the need for 
larger prospective cohort studies. To make the 
model output readable and testable, we used 
SHAP to score the impact of each feature on 
risk. Albumin ranked first. Next came age and 
lymph node status, followed by PN support and 
FIGO stage. Marital status, caregiver type, and 
BMI followed closely. These charts clearly 
showed the direction of risk changes for spe-
cific patients: some values increased risk, while 
others decreased it. Clinicians could see the 
scores and their causes, which helped build 
trust and develop personalized nutrition plans 
at the bedside.

This study had real advantages. We included 
clinical, demographic, and psychosocial data to 

reflect the actual occurrence of malnutrition 
[27]. The sample size was large enough to sup-
port the analysis (784 patients). We also tested 
the model outside the derivation environment: 
173 patients from independent institutions, 
which supported the model’s applicability be- 
yond a single center [28]. Few studies do this; 
many rely solely on internal checks.

Recent research has focused on predicting 
malnutrition in cancer populations. According 
to Yu et al. [16], a radiomics-based nomogram 
was developed for IB1-IIA2 stage cervical can-
cer, with an AUC of 0.972 on the training set 
and 0.805 on the validation set. Nevertheless, 
the CT-derived radiomics features and the lack 
of external validation limit its reproducible clini-
cal application. In addition, the AUC of the 
machine learning model for elderly hospitalized 
cancer patients was 0.945 [13]. However, its 
important predictors, such as activities of daily 
living, are specific to elderly patients and there-
fore cannot be simply applied to gynecologic 
oncology. Our model uses only easily collected 
clinical and psychosocial features, has SHAP 
interpretability, and has been externally vali-
dated, making it an attractive and generaliz-
able model for cervical cancer care.

Limitations remain. The retrospective design 
carries the risk of selection bias and informa-
tion bias. We did not collect detailed dietary 
intake data, which could have increased the 
accuracy of risk estimates [29]. Our results 
apply to patients undergoing FIGO stage IB-IIA 
surgery; other groups require testing, including 
those receiving initial chemoradiotherapy and 
those with advanced disease [30]. Although 
there was a numerical difference in the inci-
dence of malnutrition between the internal and 
external validation cohorts, this difference was 
not statistically significant (P=0.056), suggest-
ing sampling variation rather than true hetero-
geneity, and this did not affect the model’s 
stable external performance. Although the 
NRS-2002 is widely used, using it as a refer-
ence standard increases subjectivity. Further 
prospective and multicenter studies should be 
conducted to test its durability and clinical 
impact.

Conclusion

This nomogram incorporates eight clinically 
available predictors, such as age, sex, marital 
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status, presence of caregivers, PN support, 
lymph node metastasis, FIGO stage, and albu-
min. Older age, lack of marital support, non-
family care, use of PN, presence of lymph node 
metastasis, and higher FIGO stage increased 
the risk of malnutrition; while higher BMI and 
higher albumin levels had a protective effect. 
The model has good discriminative power, cali-
bration, and clinical applicability, which sup-
ports its use in early postoperative identifica-
tion of nutritional risks. 
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