
O R I G I N A L  R E S E A R C H

Development and Validation of a Nomogram 
Prediction Model for Key Symptoms of 
Post-Intensive Care Syndrome-Family in Family 
Members of Critically-Ill Patients: Focusing on 
Sleep Disturbance, Fatigue, Anxiety, and 
Depression
Haili Dong 1,2, Li Liu1, Shasha Ma3, Haixia Han4, Jiadong Zhang5, Jordan Tovera Salvador 6, 
Xiaoxiao Liu2

1Department of Nursing, Binzhou Medical University Hospital, Binzhou, Shandong Province, People’s Republic of China; 2School of Nursing, Binzhou 
Medical University, Binzhou, Shandong Province, People’s Republic of China; 3Department of Neurosurgery, Binzhou Medical University Hospital, 
Binzhou, Shandong Province, People’s Republic of China; 4Department of Emergency Intensive Care Unit, Binzhou Medical University Hospital, 
Binzhou, Shandong Province, People’s Republic of China; 5Department of Intensive Care Unit, Binzhou Medical University Hospital, Binzhou, 
Shandong Province, People’s Republic of China; 6Department of Nursing Education, College of Nursing, Imam Abdulrahman Bin Faisal University, 
Dammam, Saudi Arabia

Correspondence: Li Liu, Email binzhoull@126.com

Purpose: To construct and validate a nomogram model predicting the risk of post-intensive care syndrome-family (PICS-F) in family 
members of critically ill patients.
Methods: This study was conducted on family members (parents, spouses, or children) of critically ill patients in the three intensive 
care units of Binzhou Medical University Hospital from December 2023 to June 2024, responsible for medical decisions and primary 
care. The sleep disturbances, fatigue, anxiety, and depression were assessed using the Pittsburgh Sleep Quality Index, the Subscale of 
Fatigue Assessment Instrument, and the Hospital Anxiety and Depression Scale, respectively. Predictive factors were identified 
through univariate and multivariate logistic regression, and a nomogram was constructed using R4.2.3. Internal validation used the 
Bootstrap sampling method, and external validation employed the time-period method.
Results: The study involved 567 participants divided into a modeling group (n = 432; median age = 46 years; 209 males, 223 females) and an 
external validation group (n = 135; median age = 45 years; 70 males, 65 females). The model included five predictive factors: family age, 
patient age, APACHE II score, average monthly income per family member, and PSSS score. The AUC of the modeling group was 0.894 
(0.864 ~ 0.924), with a specificity of 85.4%, a sensitivity of 78.0%, and a maximum Youden index of 0.634. The H–L test revealed a good fit (X2 

value = 9.528, P = 0.300). The internal validation results of the Bootstrap sampling method showed that the calibration curve of the model was 
close to the ideal curve, and the DCA curve results indicated high clinical practicality. Moreover, the external validation results showed that 
AUC was 0.847 (0.782 ~ 0.912), with sensitivity and specificity of 74.5% and 86.3%, respectively. The H–L test results indicated a good fit (X2 

value = 9.625, P = 0.292).
Conclusion: The nomogram demonstrated strong predictive performance for PICS-F risk in ICU patients’ families, offering 
a valuable tool for clinical assessment.
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Introduction
Post-intensive care syndrome-family (PICS-F) refers to a series of physiological and psychological functions, including sleep 
disturbance, fatigue, anxiety, depression, and post-traumatic stress disorder (PTSD), which may occur in the family members 
of patients admitted to the intensive care unit (ICU) or transferred out of the ICU, particularly in clinical decision-makers and 
main caregivers.1 Family members usually act as surrogate decision-makers and face various pressures during the admission 
of critically ill patients to the ICU.2,3 After the patient is transferred out of the ICU, the family members, as the main 
caregivers, bear a heavy burden of care, rendering the family members susceptible to PICS-F. Prior research has demon
strated that the incidence of PICS-F ranges from 20% to 60%.4 Family members of critically ill patients commonly suffer 
from poor sleep quality for two months after the patients are transferred out of the ICU.5 In a cohort study, 77% of family 
members reported sleep problems.6 A survey was conducted on 94 family members of critically ill patients, and the results 
indicated that 57.6% of the participants reported moderate to high levels of fatigue.7 The prevalence of family anxiety during 
the patient’s ICU stay ranged from 40% to 70%,8 decreasing to 10% to 50% three to twelve months after the patient’s ICU 
discharge.9 The prevalence of depressive symptoms during the patient’s ICU stay ranged from approximately 10% to 35%.10 

However, surveys have demonstrated that up to 43% of family members continue to experience elevated levels of depressive 
symptoms one year after the patients are discharged.11 Poor health status of family members not only affects their own lives 
but also leads to the decline of care ability, which significantly impacts the rehabilitation of patients. Therefore, early 
identification of family members at high risk of PICS-F is significant.

The investigation and analysis of factors influencing PICS-F is a highly salient topic in research on PICS-F in family 
members. A multitude of factors have been identified as contributors to the occurrence of PICS-F, including patient- 
related factors, family-related factors, healthcare system-related factors, and other factors.8,12 Family member-related 
factors associated with increased risk of PICS-F include female gender,13 external pre-existing stressors,14 the role of 
a spouse or parent,15,16 limited social support,17 low socioeconomic status,8 and high caregiver burden.18 Patient-related 
factors associated with increased risk of PICS-F include the severity of illness,19 long-term impairments,20 older or 
younger age,14,20 and coronavirus disease 2019.21 Previous studies have mostly examined the influence of demographic 
factors; however, the life event of a patient’s admission to an intensive care unit is a stressor that can lead to a stress 
response in family members, which can be influenced by mediating factors such as social support.22 Therefore, this study 
incorporated the predictor of social support.

Previous research mainly focused on the risk factors of PICS-F in family members, but no relevant prediction model 
has been developed to predict the probability of PICS-F. Nomogram models provide a visualization of the predictive 
factors and graphically present the results of multi-factor logistic regression.23 The objective of this study was to 
construct and validate a nomogram model to predict the risk of PICS-F among family members of patients transferred 
from the ICU. Specifically, this study constructed a family PICS-F line chart prediction model based on literature and 
clinical data, facilitating the early detection of family members at high risk of PICS-F.

Methods
Setting and Participants
The present study recruited family members of patients who had been transferred out of the general intensive care unit 
(ICU), emergency intensive care unit (EICU), and neurosurgical intensive care unit (NSICU) of Binzhou Medical 
University Hospital from December 2023 to June 2024, as study subjects. The family members of patients transferred 
out of three ICUs between December 2023 and April 2024 were selected as the modeling group, and the family members 
of patients transferred out of three ICUs from May 2024 to June were selected as the external validation group. The 
following were the inclusion criteria. Patient level: (1) Age ≥ 18 years old; (2) ICU stay ≥ 24 hours; Family level: (1) 
Undertook medical decision-making and main care responsibility of patients; (2) At least 18 years old, identified as the 
patient’s parents, children, spouse, etc. The exclusion criteria are as follows: Patient level: (1) Transfer out to another 
ICU; Family level: (1) Other severe traumatic stress events occurred in the recent 3 months; (2) organic diseases that 
prevented the completion of the questionnaire. All the subjects in this study provided informed consent forms. This study 
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was conducted by the principles of the Helsinki Declaration and has been approved by the Ethics Committee of Binzhou 
Medical University Hospital (approval number 2023KT-255).

Sample Size Calculation
Based on the literature review and expert advice, 20 potential predictive factors were included in this study. The sample 
size of the prediction model is required to be 5 ~ 10 times the number of influencing factors.24 Considering the 
documented prevalence of PICS-F of approximately 20% to 60%,4 accounting for a 20% sample loss, the minimum 
sample size of this modeling group was calculated as follows: (20 × 5 ÷ 60%) ÷ (1–20%) = 208 cases. Furthermore, the 
sample size of the modeling group was required to be at least 1/4 ~ 1/2 of that of the external verification group,25 so the 
sample size of the external verification group was determined as at least 52 cases.

Study Tools
General Information Questionnaire
The general information questionnaire included general information about ICU patients, including age, sex, Acute 
Physiology and Chronic Health Evaluation II (APACHE II) score, admission of patients, etc. Moreover, general 
information about family members was collected, such as age, sex, educational level, working status, etc.

Perceived Social Support Scale
The Perceived Social Support Scale (PSSS) was a measure of the perceived social support of patients’ family members. 
The scale encompasses three dimensions: familial, amicable, and other forms of support. It comprises 12 items, each with 
a score ranging from 1 to 7, resulting in a total score between 12 and 84. A higher total score indicates a higher level of 
social support perceived by the subject.26 The Cronbach’s alpha coefficient of this scale was 0.854.

Outcome Variables and Definitions
Pittsburgh Sleep Quality Index 
The Pittsburgh Sleep Quality Index (PSQI) was developed in 1989 by Buysse et al27 and represents a significant instrument for 
the assessment of sleep quality in family members. The PSQI is comprised of 19 self-rated items and 5 other-rated items, with 
only the initial 18 self-rated items contributing to the final score. A total score on the scale can range from 0 to 21, with higher 
scores indicating an increased likelihood of suffering from more severe sleep disorders. Among adults in China, those having 
a score of >7 points were judged as sleep impaired. The Cronbach’s alpha coefficient of this scale was 0.842, which indicates 
good reliability and validity.

The Subscale of Fatigue Assessment Instrument
The Subscale of Fatigue Assessment Instrument (FAI) was developed by Schwartz and so on.28 The subscale of FAI was 
used to evaluate the degree of fatigue of family members in this study. The subscale of FAI is comprised of 11 items, 
specifically items 5, 18–22, and 24–28. The total scores of the scale can be classified as follows: <4 indicates no fatigue, 
4 ~ 5 indicates mild fatigue, 5~6 indicates moderate fatigue, and ≥6 indicates severe fatigue.29 The Cronbach’s alpha 
coefficient of the scale in question ranged between 0.78 and 0.92.

Hospital Anxiety and Depression Scale
The Hospital Anxiety and Depression Scale (HADS) comprises two subscales, namely anxiety and depression. The odd- 
numbered items are employed to assess anxiety, while the even-numbered items are utilized to evaluate depression. Each 
item is assigned a value of 0 to 3 points by the severity of the symptoms in question. The total score is thus calculated on 
a scale of 0 to 42 points. A score of ≥11 points indicates that the subjects have anxiety or depression. The Cronbach’s 
alpha coefficient of this scale was 0.890,30 and research has shown good reliability and validity.31

The outcome variables comprise physiological (sleep or fatigue) and/or psychological (anxiety or depression) aspects. 
A positive result for either symptom indicated the presence of PICS-F in the subjects.
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Data Collection
A research group was set up, including 2 nursing graduate students, 2 emergency ward nurses, and 3 neurosurgical ward 
nurses. Before data collection, the group members were trained by nursing managers and experts in the psychology field, 
and all of them collected basic questionnaires. Data collection was carried out in two stages. First, when the patient was 
transferred out of the ICU to the general ward, the team members filled in the general information of the patient 
according to the case system. Subsequently, general information about family members and the PSQI, FAI, and HADS 
questionnaires were collected via a face-to-face interview with family members in the ward within 48 hours of the 
patient’s transfer from the ICU. Before the investigation, the subjects were fully informed of the research purpose and 
signed an informed consent form. The participants followed unified guidelines, were informed of the filling requirements, 
and any doubts were clarified. After filling out the questionnaire, the researchers checked and collected the forms 
immediately.

Statistical Analysis
SPSS 26.0 and R 4.2.3 software were used to describe the statistical data. The quantitative data did not conform to 
a normal distribution. Hence, M (P25, P75) was used to describe the difference between the groups and the Mann– 
Whitney U-test was employed to compare the differences. Qualitative data was expressed by the frequencies and 
percentages, and the difference between groups was tested by the chi-square test (univariate analyses). The two-way 
stepwise regression method was adopted, the minimum AIC value was taken as the optimal model selection criterion, and 
the variables that were statistically significant on univariate analysis, ie family age, family education level, family work 
status, relationship with patients, per capita monthly income of families, patient age, APACHE II score of patients, and 
PSSS score were used as independent variables, and whether PICS-F occurred as the dependent variable was used as the 
dependent variable, and logistic regression was carried out to determine the predictive factors. R4.2.3 software was used 
to draw the alignment chart model.

Internal validation of the model was verified by the Bootstrap validation method, whereas external validation was 
carried out using the validating group data. The Hosmer-Lemeshow (H-L) goodness of fit test and calibration curve were 
used to evaluate the calibration of the model. The receiver operating characteristic (ROC) curve was employed to 
calculate the sensitivity, specificity, and maximum Youden index. The area under the curve (AUC) was employed to 
assess the model’s discriminatory power, while decision curve analysis (DCA) was utilized to investigate the model’s 
clinical efficacy. A two-sided P-value of less than 0.05 indicated that the difference was statistically significant.

Results
Characteristics of the Participants
A total of 432 family members of patients were included in the development model group, with an incidence of post- 
intensive care syndrome-fatigue (PICS-F) of 58.80% (254/432). In the external validation group, the incidence of PICS-F 
was 59.30% (80/135). The demographic and clinical characteristics of the participants in the modeling group are 
presented in Table 1. The baseline characteristics comparison between the modeling group and the external validation 
group is shown in the Table S1.

Univariate Analyses
In the modeling group, univariate analyses were conducted on each predictive factor. The results showed a statistically 
significant difference (P<0.05) between the two groups in terms of family age, family education level, family work 
status, relationship with patients, per capita monthly income of families, patient age, APACHE II score of patients, and 
PSSS score. Details are presented in Table 1.

Multivariate Binary Logistic Regression Analysis
A two-way stepwise logistic regression analysis was conducted. The dependent variable in this analysis was whether 
PICS-F occurred in family members. The independent variables were those with a P-value less than 0.05 in the univariate 
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Table 1 Baseline Characteristics of Family Members

Variables PICS-F  
Group (n=254)

Non-PICS-F  
Group (n=178)

Statistic P value

General data of family members
Age [years, M (P25, P75)] 53.00(39.00,60.00) 43.00(35.00,51.25) 5.673a < 0.001

Gender (n, %) 0.318b 0.573
Male 120(47.24) 89(50.00)

Female 134(52.76) 89(50.00)

Education (n, %) 18.239b < 0.001
Primary school and below 49(19.29) 20(11.24)

Junior high school 86(33.86) 41(23.03)
High school/vocational school 63(24.80) 49(27.53)

College or above 56(22.05) 68(38.20)

Work status (n, %) 11.508a 0.003
Employed 145(57.09) 130(73.03)

Unemployed 98(38.58) 43(24.16)

Retire 11(4.33) 5(2.81)
Marital status (n, %) 2.035b 0.154

Married 221(87.01) 146(82.02)

Divorced/ Widowed 33(12.99) 32(17.98)
Relationship with patients (n, %) 35.302b < 0.001

Spouse 110(43.31) 41(23.03)

Children 105(41.34) 116(65.17)
Parents 23(9.06) 3(1.69)

Others 16(6.29) 18(10.11)

Family per capita monthly income (n, %) 82.050b < 0.001
Less than 1000 66(25.98) 6(3.37)

1000~3000 96(37.80) 33(18.54)

3001~5000 64(25.20) 82(46.07)
More than 5000 28(11.02) 57(32.02)

Patient care experience (n, %) 0.669b 0.414

Yes 107(42.13) 68(38.20)
No 147(57.87) 110(61.80)

History of mental illness (n, %) 1.179b 0.278

Yes 17(6.69) 17(9.55)
No 237(93.31) 161(90.45)

Location of residence (n, %) 2.017b 0.155

Rural area 153(60.24) 95(53.37)
Urban area 101(39.76) 83(46.63)

General data of patients
Age[years, M(P25, P75)] 62.00(55.75,68.00) 64.00(58.75,71.00) −2.296a 0.022
Gender (n, %) 1.414b 0.234

Male 163(64.17) 124(69.66)

Female 91(35.83) 54(30.34)
Admission method (n, %) 2.127b 0.546

Admitted from the emergency 131(51.57) 86(48.31)

Transfer from ward 41(16.14) 34(19.10)
Postoperative transfer 37(14.57) 32(17.98)

Outpatient admission 45(17.72) 26(14.61)

(Continued)
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analysis. Substitute the original values of the quantitative variables, including the age of family members, the age of 
patients, the APACHE II score of patients, and the PSSS score of family members. The assignment of dependent 
variables and categorical independent variables is as follows: PICS-F (No = 0, Yes = 1); Education of family (Primary 
school and below = 1, Junior high school = 2, High school/vocational school = 3, College or above = 4); Work status of 
family (Employed = 1, Unemployed = 2, Retire = 3); Relationship with patients (Spouse = 1, Children = 2, Parents = 3, 
Others = 4); Family per capita monthly income (Less than 1000 RMB = 1, 1000 ~ 3000 RMB = 2, 3001 ~ 5000 RMB = 
3, More than 5000 RMB = 4). The multi-factor analysis results revealed that the age of the family members, the age of 
the patients, the APACHE II score, the monthly income per capita, and the PSSS score are all influencing factors, as 
shown in Table 2.

Construction and Estimate of the Nomogram
In this study, the column chart was used by software R 4.2.3, as shown in Figure 1. The area under the ROC curve of the 
model was 0.894 (95% CI: 0.864 ~ 0.924), indicating that the model had a good discriminative ability, as illustrated in 
Figure 2. The predictive model yielded a specificity of 0.854 and a sensitivity of 0.780, a maximum Jordan index of 

Table 1 (Continued). 

Variables PICS-F  
Group (n=254)

Non-PICS-F  
Group (n=178)

Statistic P value

APACHE II score [score, M (P25, P75)] 21.00(15.00,24.00) 15.00(12.00,19.00) 7.926a < 0.001
Length of ICU stay [day, M (P25, P75)] 10.00(6.00,14.00) 10.00(6.00,14.00) −0.485a 0.628

First check-in to ICU (n, %) 0.318b 0.573

Yes 188(74.02) 136(76.40)
No 66(25.98) 42(23.60)

Payment method (n, %) 3.958a 0.266

Self-funded 58(22.84) 29(16.29)
Urban employee medical insurance 43(16.93) 32(17.98)

Resident medical insurance 147(57.87) 109(61.24)

Others 6(2.36) 8(4.49)
PSSS score [score, M (P25, P75)] 51.00(43.00,58.00) 65.50(60.00,72.00) −11.618b < 0.001

Notes: PICS-F group, the research objects in the modeling group where PICS-F occurs; Non-PICS-F group, the research objects in the modeling 
group that have not experienced PICS-F; a, Z value; b,X2 value; Family per capita monthly income (as the total household income divided by the 
number of family members), RMB/month. 
Abbreviations: n(%), number (percentage); M (P25, P75), Median (first quantile, third quantile); PICS-F, post-intensive care syndrome-family; 
APACHE II, Acute Physiology and Chronic Health Evaluation II; PSSS, Perceived Social Support Scale.

Table 2 Multivariate Analysis of Risk Factors for PICS-F

Variable β SE Wald X2 P value OR (95% CI)

The age of the family 0.03 0.01 2.41 0.016 1.03 (1.01 ⁓1.05)
The age of patients −0.03 0.01 −2.33 0.020 0.97 (0.95⁓0.99)

APACHE II score 0.12 0.03 4.44 <0.001 1.17 (1.10⁓1.23)

The monthly income per capita
Less than 1000 — — — — 1.00 (ref)

1000⁓3000 −1.11 0.54 −2.07 0.038 0.33 (0.12⁓0.94)

3001⁓5000 −1.88 0.52 −3.63 <0.001 0.15 (0.05⁓0.42)
More than 5000 −2.38 0.55 −4.32 <0.001 0.09 (0.03⁓0.27)

PSSS score −0.09 0.01 −7.14 <0.001 0.91 (0.89⁓0.94)

Notes: Family per capita monthly income (as the total household income divided by the number of family 
members), RMB/month. 
Abbreviations: PICS-F, post-intensive care syndrome-family; APACHE II, Acute Physiology and Chronic 
Health Evaluation II; PSSS, Perceived Social Support Scale; ref, reference.
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0.634 and a corresponding optimal cutoff value of 0.603 in the training set. The critical score of the column chart was 
calculated to be 106 points. The family members were divided into two groups based on this result, including, the high- 
risk and low-risk PICS-F groups. The H-L goodness of fit test yielded a value of x2= 9.528 (P = 0.300), suggesting 
a strong alignment between the model’s predicted and actual risk, reflecting good calibration.

Figure 1 Nomogram to detect PICS-F for family members. APACHE II indicates Acute Physiology and Chronic Health Evaluation II; PSSS indicates Perceived Social Support 
Scale.

Figure 2 Nomogram ROC curves generated from the training dataset. The area under the ROC curve of the training dataset was 0.894 (95% CI: 0.864~0.924).
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Validation of the Nomogram Model
Internal validation of the model was performed using the Bootstrap method with 1000 repeated samples, and the calibration curve 
is shown in Figure 3. The Brier value of the model was 0.01, suggesting that the difference between the predicted likelihood of 
PICS-F occurrence in family members and the actual outcome was small, and the accuracy was high. The probability of PICS-F 
in each family member was calculated by feeding external validation set data into the model. The results revealed an external 
validation AUC of 0.847 (ranging from 0.782 to 0.912), with a sensitivity of 0.745 and a specificity of 0.863, as depicted in 
Figure 4. Furthermore, the H-L test showed X2=9.625 (P=0.292), indicating that the model’s predictive performance was 
effective.

Clinical Decision Curve Analysis of the Nomogram Model
The clinical validity of the model was evaluated using the DCA method, and the results are presented in Figure 5. The 
results showed that the overall net benefit rate of the DCA curve in the threshold range of 0 ~ 1 was higher than that of 
the two extreme cases of no intervention and equal intervention, indicating that the clinical utility of the predictive model 
was higher.

Discussion
The prevalence of PICS-F varies across studies.32 The results of this study indicated that the incidence of PICS-F in 
family members of patients transferred out of the ICU was 58.80%, which is consistent with the research findings of Naef 
et al.14 In addition, Shibasaki et al33 found that the overall incidence of PICS-F was 33%. The disparity in the research 
results on the incidence of PICS-F may be related to differences in PICS-F screening tools, screening criteria, and 
evaluation time points.33,34 Patients receiving treatment in the ICU usually undergo a short-term, non-selective transition, 
during which their cognitive abilities are limited. Family members usually act as alternative clinical decision-makers,35 

bearing pressure from various aspects.36 Due to the particularity of closed management in ICU wards, family members 
face major changes in the patient’s condition and are more likely to develop anxiety, depression, and other negative 
emotions. Moreover, prolonged care and waiting outside the ICU, as well as adverse environmental factors such as noise 
and light outside the ICU, can disrupt the biological clock of family members, affecting normal biological rhythms and 
resulting in physiological problems such as sleep disorders and fatigue.37 Various multidisciplinary critical care 

Figure 3 Calibration plot for the training dataset. The x-axis showed the predicted probability of the nomogram, the y-axis showed the actual prediction results.
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organizations now recognise the detrimental impact of critical illness on the patient’s family and the need for holistic 
home-based care.38 Hence, in future clinical practice, medical staff in the intensive care unit can optimize the ICU 
visitation system, develop flexible visitation policies, and enhance the sense of family participation.39

PICS-F is a complex condition with a multitude of associated factors.8

This study revealed that the age of the family member was an independent risk factor for PICS-F occurrence. Patients 
admitted to the ICU exhibit critical and rapid changes to their condition. Relatives are required to stay outside the ICU to 
monitor the patient’s condition and make timely medical decisions. However, older family members have lower physical 
fitness and cognitive function, which affects their information comprehension ability, decision-making efficiency, and 
stress tolerance.40

The findings of this study also demonstrated that younger patients were linked to an elevated risk of PICS-F in their 
family members, which was consistent with the findings of Bielek et al.41 The younger the patient, the greater their 
importance to the family.42 The caregivers of young ICU patients mostly comprise parents or spouses, with close 
relationships with the patients. Therefore, when the patient’s condition is critical and their survival and treatment process 
are uncertain, family members are concerned about the development and prognosis of their condition, resulting in 
a heavier psychological burden and a higher incidence of PICS-F.

The results revealed that the APACHE II score was an independent risk factor for family members developing PICS- 
F. The APACHEII score of a patient represented the severity of their condition, with a higher APACHEII score indicating 
a more critical condition.19 Patients with high APACHE II scores may experience greater fluctuations and uncertainty in 
their condition, and their family members may lack sufficient psychological preparation to face the potential possibility 
of death, leading to emotional tension, immense mental stress, psychological disorders, and aggravated physiological 
problems such as sleep disorders and physical fatigue.43 Medical workers should pay special attention to the families of 
critically ill ICU patients and discuss long-term care plans if necessary, including end-of-life care services or palliative 
care that patients may need.44

The results of this study suggested that the lower the per capita monthly income of family members, the higher the 
probability of PICS-F occurrence. Patients in the ICU are in critical condition, necessitating continuous monitoring of 

Figure 4 Nomogram ROC curves generated from the externally verified dataset. The area under the ROC curve of the external validation AUC was 0.847 (ranging from 
0.782 to 0.912).
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vital signs and advanced treatments. Medical costs for these patients far exceed those of patients in regular departments, 
placing a significant financial burden on their families. 45 In addition, patients admitted to the ICU and subsequently 
transferred require the ongoing attention of their family members, 46 which can disrupt their routines and income. Such 
circumstances make family members more susceptible to PICS-F.

Moreover, this study revealed lower scores in perceived social support in family members who experience PICS-F 
and those who do not. High perceived social support effectively reduces the occurrence of PICS-F in family members, 
consistent with the research findings of Serrano et al.12 Family members are exposed to economic and mental pressure 
while waiting outside the monitoring room. Higher levels of social support indicate that family members perceive respect 
and support. A good level of social support helps to improve the psychological adaptation ability of family members, 
thereby reducing the occurrence of PICS-F.47,48

This study constructed a column chart model for PICS-F of family members of patients who were transferred out of 
the ICU. The AUC of the model in both the modeling group and the external validation group was greater than 0.80. 
Moreover, the H-L goodness of fit test results showed P>0.05, indicating that the constructed column chart model has 
good discrimination and high predictive accuracy. The column chart model provides a visualization of the potential risk 
of family members developing PICS-F after the patient is transferred out of the ICU; the model facilitates the 
systematical monitoring of the influencing factors related to PICS-F, providing a certain degree of scientific 
significance.26,49 In addition, the predictive factors included in this model can be measured using simple and specific 
methods, which promotes its clinical application. A calculated column chart score ≥106 points indicates that family 

Figure 5 DCA curves for the training dataset. The decision curve graph showed the net benefit of the intervention measures taken by the established model on the families 
with post-intensive care syndrome-family.
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members are at high risk of PICS-F. Nursing staff can customize nursing plans based on the calculated risk score and 
provide precise nursing strategies to prevent or reduce the occurrence and development of PICS-F in family members.

Nevertheless, the constraints of the present study must be recognized. Firstly, the cross-sectional study design 
inherently precludes the detection of dynamic changes in PICS-F among family members. Secondly, the nomogram 
prediction model was developed based on data obtained from China. The extent to which the findings of this study can be 
generalized to other regions and countries is contingent upon further validation.

Conclusion
The PICS-F nomogram prediction model constructed in this study demonstrated strong discriminative ability and good 
calibration. In future clinical work, nursing staff can use this model to efficiently predict the probability of PICS-F 
occurrence in family members, identify high-risk family members, and provide a reference for developing targeted 
prevention strategies. Future studies should focus on validating the model’s performance in multicenter, large-scale 
prospective cohorts to enhance its generalizability, as well as investigating the effectiveness of targeted interventions 
based on the model’s risk stratification in reducing PICS-F incidence.
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