
Trajectory of thirst level in critically ill oncology
patients: A group-based trajectory model
Xing Shu 

University of Electronic Science and Technology of China
Shuang Yang 

Sichuan Cancer Hospital & Institute, University Of Electronic Science and Technology of China
Aiping Hu 

Leshan Vocational & Technical College
Jiang Yuan 

Chengdu University of Traditional Chinese Medicine
Xin Liu 

Sichuan Cancer Hospital & Institute, University Of Electronic Science and Technology of China
Zewen Pan 

Sichuan Cancer Hospital & Institute, University Of Electronic Science and Technology of China
Zhongjun Cao 

Sichuan Cancer Hospital & Institute, University Of Electronic Science and Technology of China
Mingfang Xiang 

Sichuan Cancer Hospital & Institute, University Of Electronic Science and Technology of China

Research Article

Keywords: Critical illness, Thirst, Group-based trajectory model, Longitudinal study

Posted Date: June 5th, 2025

DOI: https://doi.org/10.21203/rs.3.rs-6488220/v1

License:   This work is licensed under a Creative Commons Attribution 4.0 International License.  
Read Full License

Additional Declarations: No competing interests reported.

https://doi.org/10.21203/rs.3.rs-6488220/v1
https://doi.org/10.21203/rs.3.rs-6488220/v1
https://doi.org/10.21203/rs.3.rs-6488220/v1
https://creativecommons.org/licenses/by/4.0/


 1 

Trajectory of thirst level in critically ill oncology patients: A group-based 

trajectory model 
Xing Shua,1, Shuang Yangb,1, Aiping Huc, Jiang Yuand, Xin Liue, Zewen Pane, Zhongjun Caoe, Mingfang Xiange,* 

a  School of Medicine, University of Electronic Science and Technology of China, Chengdu, 610054, China. 

b Department of Operating Room, Sichuan Clinical Research Center for Cancer, Sichuan Cancer Hospital & Institute, 

Sichuan Cancer Center, University Of Electronic Science and Technology of China, Chengdu, 500643, China. 

c  Leshan Vocational & Technical College, Leshan, 614013, China. 

d  School of Public health, Chengdu University of Traditional Chinese Medicine, Chengdu, 610075, China. 

e  Department of Critical Care Medicine, Sichuan Clinical Research Center for Cancer, Sichuan Cancer Hospital & Institute, 

Sichuan Cancer Center, University of Electronic Science and Technology of China, Chengdu, 610041, China. 

* Corresponding authors at: No.55, Section 4, South Renmin Road, Chengdu 610041, China. 

E-mail addresses: xmf429@126.com. 

1 Xing Shu, Shuang Yang made equal contributions to this manuscript. 

 

ABSTRACT 

Purpose: To investigate the trajectories and determinants of thirst level in critically ill oncology patients. 

Method: A prospective, longitudinal, and observational study was conducted from November 2024 to February 

2025 in a tertiary cancer hospital in Sichuan province, China. Thirst level were assessed by Critically Ill Patients’ 

Thirst Assessment Scale at five time points: upon admission to the intensive care unit (ICU), and at 6, 12, 18, 

and 24 hours post-admission. Group-based trajectory modeling and unordered multivariate logistic regression 

were applied to identify distinct trajectory among ICU patients and the determinants of trajectory group.  

Results: Of the 209 patients included in the study, the majority (56.9%) were aged between 51 and 70 years, and 

68.4% were male. Four group trajectories of thirst level were identified: persistent low-level group(15.36%), 

persistent middle-level group(42.91%), high-level rising group(20.29%), and high-level descending 

group(21.43%). With persistent low-level group as the reference category, patients with diagnosis of sepsis had 

lower likelihood to be classified in either persistent middle-level group(OR=0.068, 95%CI: 0.006-0.829) or 

high-level descending group(OR=0.032, 95%CI: 0.001-0.749). Elevated temperature increased the likelihood to 

be high-level rising group(OR=4.172, 95%CI: 1.350-12.897). With persistent middle-level group as the reference 
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category, patients with diagnosis of major surgery had a higher likelihood to high-level rising group(OR=8.642, 

95 % CI: 1.025-72.858). 

Conclusions: This study identified four distinct thirst level trajectory groups, emphasizing the importance of 

early risk stratification upon ICU admission. Utilizing indicators such as admission diagnosis and body 

temperature can enable more precise and timely thirst management strategies. 

Keywords: Critical illness, Thirst, Group-based trajectory model, Longitudinal study 

 

 

1. Introduction 

Critical ill oncology patients are those who have organ dysfunction and need to be admitted to the Intensive 

Care Unit (ICU) to prolong the survival time and improve the quality of life with tumors[1]. In recent decades, 

advances in early detection and management have led to a significant increase in both the number of critically ill 

oncology patients and their survival rates[2]. According to the latest report, the most frequent reasons leading 

oncology patients to ICU are postoperative, respiratory failure, infection, and sepsis[3].  

Thirst is frequently identified as one of the most prevalent, serious and under-managed symptoms in ICU[4]. 

An observational study[5] of 353 ICU patients assessing the prevalence and intensity of five common symptoms 

(thirst, pain, anxiety, fatigue, and dyspnea) over a seven-day period, found that thirst was the most prevalent 

symptom on the first day of ICU admission (66%), and remained the most prevalent and intense symptom 

throughout the seven-day observation period (64%). Indeed, up to 71% of ICU oncology patients experienced 

moderate to severe unmet thirst needs[6]. Moreover, ICU oncology patients undergoing anti-tumor therapy 

frequently experience oral complications such as mucositis and ulceration, which exacerbate thirst[7–9]. 

Persistent thirst has been associated with an increased risk of delirium[10]. Additionally, oral dryness may 

impair taste, chewing, and swallowing, potentially increasing the risk of aspiration and negatively impacting 

post-discharge nutritional status[11].  
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Unrelieved thirst is a form of distress that nurses can and should alleviate as much as possible, and 

identifying the factors associated with thirst in ICU patients can help nurses early to prevent and alleviate 

patients’ distress[12]. Non-pharmacological interventions present a comparatively safer and more broadly 

applicable alternative in clinical practice, which include saliva stimulants[13, 14] and saliva substitutes[11, 15]. 

Although thirst management in ICU patients has gradually been emphasized by clinical caregivers in recent 

years, recent studies[7, 16] have shown that the current status of thirst has not been well improved. Therefore, 

personalised and evidence-based management of thirst is essential in critically ill oncology patients, 

acknowledging their unique characteristics. 

While thirst has subjective properties, traditionally assessed in awake patients[5, 12, 17], its presence in 

critically ill patients who lacking the self-report ability should not be overlooked. Within the ICU setting, thirst 

symptoms may be present even before patients regain consciousness. Guided by the Symptom Management 

Dynamic Model[18], our focus extends beyond simply identifying the presence of thirst, to understanding its 

dynamic nature and the complexities of symptom management. 

Longitudinal studies on thirst level in ICU patients over time are limited. Previous surveys[19–21] were 

mainly cross-sectional, evaluating the association between the thirst levels of awake patients and clinical 

outcomes. A recent observational study[22] explored temporal trends in thirst among ICU patients, but it did not 

adequately account for the inherent heterogeneity within this population, leading to the conclusion that thirst 

exhibits consistent dynamic trends across all ICU patients. This warrants further reflections. GBTM is a 

statistical method designed to identify a finite number of distinct groups of individuals exhibiting similar 

trajectories time, based on a single outcome or behaviour[23]. Therefore, this study aimed to utilize GBTM to 

identify distinct groups of critically ill oncology patients following similar trajectories of their thirst level within 

the first 24 hours after ICU admission, and further assessed the association between these trajectories and 

relevant clinical outcomes, providing evidence to inform scientific and personalized thirst management in 
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critically ill oncology patients. 

2. Methods and Analysis 

2.1 Design and setting 

This prospective, longitudinal and observational study investigated thirst severity in critical ill oncology 

patients at Sichuan Cancer Hospital from November 2024 to February 2025. This study was performed in line 

with the principles of the Declaration of Helsinki. Ethical approval was received from the Medical Ethics 

Committee and Clinical Trail Review Committee of the Sichuan Cancer Hospital(SCCSMC-01-2024-241). 

Informed and written consent was obtained from all participants. This study was registered on the Chinese 

Clinical Trial Registry(ChiCTR.org.cn, registration number ChiCTR2500097798, registration date: February 25, 

2025), and adhered to the Strengthening the Reporting of Observational Studies in Epidemiology (STROBE) 

guidelines. 

2.2 Participants 

Inclusion criteria were: (1) age ≥18 years; (2) admission to the ICU for ≥ 24 hours; (4) provision of informed 

consent and voluntary participation in the study.  

Exclusion criteria were: (1) patients that diagnosed with Sjögren’s syndrome or uremia; (2) history of 

psychological disorders (e.g., schizophrenia, bipolar disorder) or cognitive impairment (e.g., dementia); (3) 

presence of conditions known to cause cognitive impairment and impair the ability to understand the 

questionnaire, such as craniocerebral injury or toxic encephalopathy; (4) ICU readmission within 72 hours; (5) 

death during ICU hospitalization. 

2.3 Data measurement 

Given that some patients were either non-conscious upon ICU admission or required ongoing sedation 

during their ICU stay, Visual Analogue Scale (VAS)[24], a commonly used tool for evaluating subjective 

symptoms such as pain and thirst, was not feasible. To mitigate this limitation, the Critically Ill Patient’s Thirst 
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Assessment Scale (CIP-TAS) was employed(Supplementary Appendix 1). The CIP-TAS[25] developed by 

Chunli Liao of the Department of Critical Care Medicine, Yunnan Cancer Hospital in 2024, assesses thirst from 

objective perspectives. This scale evaluates indicators such as lip moisture/dryness, oral mucosal condition, 

tongue texture and coating, sputum viscosity, saliva volume and viscosity, accompanying symptoms of dry 

mouth, patient behavioral signs. The overall Cronbach's α coefficient of the CIP-TAS was 0.827. The 

Item-Content Validity Index (I-CVI) ranged from 0.800 to 1.000.  

2.4 Other covariates 

A custom-designed general information questionnaire was used to collect comprehensive data on ICU 

patients, including the following: (1) demographics included gender, age, diagnosis of ICU admission, marital 

status, type of medical insurance, smoking(yes/no), alcohol taking(yes/no), full denture status(yes/no), (2) 

clinical characteristics included invasive mechanical ventilation(IMV)(yes/no), nil per os (NPO)(yes/no), input 

and output balance, comorbidities, medications, total ICU length of stay, 24-hours fluid input and output volume, 

body temperature, blood pressure, Body Mass Index(BMI), Acute Physiology and Chronic Health Evaluation 

II(APACHE II), venous thromboembolism(VTE) risk assessment, blood glucose, sodium, potassium, ionized 

calcium, osmolality, C-reactive protein(CRP), creatinine clearance(Ccr), the duration of mechanical ventilation, 

the duration of NPO status. 

2.5 Process of data collection 

A unified electronic case report form (eCRF) was designed for centralized data management, enabling 

efficient data entry, retrieval, and analysis. All research staff and nurses received comprehensive training on 

study procedures. Strict adherence to standardized protocols for patient screening, data collection, and evaluation, 

along with uniform inclusion and exclusion criteria, was maintained to minimize variability. Throughout the data 

collection period, patients received routine ICU care. The temperature (18-22°C) and humidity (50-60%) of the 



 6 

ICU environment were monitored daily. All collected data underwent a thorough double-checking process to 

ensure accuracy. 

2.6 Data analysis 

2.6.1 Sample size 

The sample size was calculated with the convenience sampling formula[12]: , where N is the 

number of samples; d is the admissible error; Zα is the statistic representing a certain confidence level (α =0.05, 

Zα = 1.96); and P is the estimated overall rate (d = 0.1P). Based on previous studies indicating a thirst incidence 

of approximately 70% in critically ill patients, and anticipating a 10-20% rate of invalid samples, the minimum 

required sample size for this study was calculated to be 180. Ultimately, 209 critically ill oncology patients were 

included. 

2.6.2 Statistical analysis 

GBTM, as described by Nagin, has been widely used in development trajectory[26]. Two key outputs of the 

GBTM are the shape of each trajectory, typically defined by a polynomial function of time, and the probability 

of trajectory group membership[23, 27]. The selection of a GBTM typically involves two steps[28]. First, the 

optimal number of trajectory groups is determined. This process begins by fitting models with one group, 

incrementally increasing the number of groups. To ensure parsimony and avoid overfitting, the maximum 

polynomial order for the trajectories was fixed at three (cubic term). The optimal number of groups was selected 

based on the following criteria: (1) a Bayesian Information Criterion (BIC) value as close to 0 as possible; (2) an 

Average Posterior Probability of Assignment (AvePP) > 0.7 for each group; (3) an Odds of Correct 

Classification (OCC) > 5.0 for each group; and (4) a minimum group membership of 5% of the participants. 

Second, the shape of each trajectory was determined. After establishing the optimal number of groups, each 

trajectory was fitted, starting with the highest-order cubic term[29, 30]. The GBTM model was implemented 

using gbmt package in R(version 4.4.2). 

2

2
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The normality of continuous variables was assessed using the Shapiro-Wilk test. Categorical variables were 

presented as frequencies and proportions. Normally distributed continuous variables were reported as mean ± 

standard deviation (𝑋̅±𝑆), while non-normally continuous variables were presented as medians (interquartile 

range, IQR). Differences between groups were analyzed using the χ2 test or Fisher’s exact test and the 

independent two-sample t-test for categorical variables, and the the independent samples t-test or Mann-Whitney 

U test for continuous variables, depending on normality. Subsequently, the group trajectory categorization 

derived from the model was used as the dependent variable in an unordered multivariate logistic regression 

analysis to identify potential influencing factors[29–31]. A P-values less than 0.05 was considered statistically 

significant. Analyses were performed using SPSS (version 25.0) for Windows (IBM SPSS, Chicago, IL, USA). 

3. Result 

3.1 Patient characteristics 

Of 323 available patients between November 2024 and February 2025, 234 met met the eligibility criteria, 

resulting in 209 included in the GBTM analysis(Fig. 1). Most participants were male(68.4%), and aged between 

51 and 70 years (56.9%), with over half undergoing major surgery (53.6%). There were 60.8% of patients treated 

with IMV, and 82.3 % were in status of NPO. The median ICU length of stay was 48 hours (IQR, 24-106.5 

hours)(Table 1). 

 

Fig. 1  Flowchart of participants 
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Table 1  Baseline characteristics and clinical outcomes for the total cohort and for each trajectory 
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Table 1 (continued) 

 

Characteristics 

 

Total(n=209) 

 

Trajectory group  

Statistics 

 

 

P 

1(n=32) 2(n=90) 3(n=43) 4(n=44) 

Gender        

Male  143(68.4%) 21(65.6%) 63(70%) 26(60.5%)
 

33(75%) 𝜒2=21.781 P=0.114 

Female 66(31.6%) 11(34.4%) 27(30%) 17(39.5%) 11(25%) 

Age, years        

<30 5(2.4%) 0(0.00%) 5(5.6%) 0(0.00%)
 

0(0.00%)
 

H=0.420 P=0.930* 
31-50 32(15.3%) 5(15.6%) 12(13.3%) 9(20.9%) 6(13.6%) 

51-70 119(56.9%) 21(65.6%) 49(54.4%) 20(46.5%) 29(65.9%) 

≥71 53(25.4) 6(18.8%) 24(26.7%) 14(32.6%) 9(20.5%) 

Diagnosis of ICU 

admission 

   
    

1=Major surgery 112(53.6%) 16(50%) 43(47.8%) 28(65.1%) 25(56.8%) 

𝜒2=21.781 P=0.114* 

2=Sepsis 11(5.3%) 4(12.5%) 5(5.6%) 1(2.3%) 1(2.3%) 

3=Respiratory failure 15(7.2%) 1(3.1%) 9(10.0%) 0(0.00%) 5(11.4%) 

4=Acute Exacerbation of 

Chronic Disease 
23(11%) 6(18.8%) 8(8.9%) 6(14%) 3(6.8%) 

5=Acute Disease 26(12.4%) 3(9.4%) 11(12.2%) 7(16.3%) 5(11.4%) 

6=Other 22(10.5%) 2(6.3%) 14(15.6%) 1(2.3%) 5(11.4%) 

Marital Status        

Single 6(2.9%) 32(100%) 5(5.6%) 0(0.00%)
 

1(2.3%) 

𝜒2=8.151 P=0.437* 
Married 187(89.5%) 0(0.00%) 76(84.4%) 39(90.7%) 40(90.9%) 

Divorced 9(4.3%) 0(0.00%) 6(6.7%) 1(2.3%) 2(4.5%) 

Widowed 7(3.3%) 0(0.00%) 3(3.3%) 3(7.0%) 1(2.3%) 

Medical insurance        

Medical insurance for 

urban residents 

69(33%) 10(31.3%) 34(37.8%) 14(32.6%) 11(25.0%) 

𝜒2=4.769 P=0.574 Medical insurance for 

urban workers 

58(27.8%) 8(25%) 25(27.8%) 9(20.9%) 16(36.4%) 

Fully self-financed 82(39.2%) 14(43.8%) 31(34.4%) 20(46.5%) 17(38.8%) 

Smokinga 45(21.5%) 3(9.4%) 28(31.3%) 8(18.6%) 6(13.6%) 𝜒2=9.529 P=0.023 

Alcohol takinga 52(24.9%) 5(15.6%) 26(28.9%) 12(27.9%) 9(20.5%) 𝜒2=2.912 P=0.450 

Denture 7(3.3%) 2(6.3%) 1(1.1%) 3(7.0%) 1(2.3%) 𝜒2=4.326 P=0.150* 

Invasive Mechanical 

Ventilation(IMV) 
127(60.8%) 17(53.1%) 52(57.8%) 30(69.8%) 28(63.6%) 𝜒2=2.734 P=0.434 

NPO 172(82.3%) 25(78.1%) 74(82.2%) 35(81.4%) 38(86.4%) 𝜒2=0.906 P=0.824 

Input and output 

balance 

     
  

Negative balance 45(21.5%) 4(12.5%) 26(28.9%) 6(14.0%) 9(20.5%) 𝜒2=5.920 P=0.116 
Positive balance 164(78.5%) 28(87.5%) 64(71.1%) 37(86.0%) 35(79.5%) 

Comorbidities 72(34.4%) 15(46.9%) 29(32.2%) 12(27.9%) 16(36.4%) 𝜒2=3.272 P=0.352 

Renal 8(3.8%) 2(6.3%) 4(4.4%) 1(2.3%) 1(2.3%) 𝜒2=1.209 P=0.842* 

Cardiovascular 58(27.8%) 9(28.1%) 23(25.6%) 10(23.3%) 16(36.4%) 𝜒2=2.280 P=0.516 

Diabetes 27(12.9%) 7(21.9%) 10(11.1%) 7(16.3%) 3(6.8%) 𝜒2=4.430 P=0.219* 
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Note: Data are reported as mean ± SD or median (IQR) for continuous variables and number (percentage) for categorical variables. 

Bold indicates statistical significance, * indicates Fisher’s exact test; 

a 1 week before admission to ICU, b 3 month before admission to ICU , c 12h before admission to ICU to 24h within ICU stay,  

d maximum body temperature within 24h of ICU stay, e when admitted to ICU. 

3.2 The GBTM analysis of thirst level 

Based on its clinical interpretability and the lowest Bayesian Information Criterion (BIC) score, a 

four-group trajectory model was selected for further analysis(Table 2). The four trajectories were: trajectory 1 

 

Characteristics 

 

Total(n=209) 

 

Trajectory group
 

 

Statistics 

 

 

P 
1(n=32) 2(n=90) 3(n=43) 4(n=44) 

Medications 138(66%) 20(62.5%) 61(67.8%) 27(62.8%) 30(68.2%) 𝜒2=0.592 P=0.898 

Antineoplastic drugsb 107(51.2%) 18(56.3%) 47(52.2%) 23(53.5%) 19(43.2%) 𝜒2=1.587 P=0.662 

Anestheticsc 111(53.1%) 15(46.9%) 50(55.6%%) 24(55.8%) 22(50%) 𝜒2=1.013 P=0.798 

Sedativec 125(59.8%) 17(53.1%) 56(62.2%) 26(60.5%) 26(59.1%) 𝜒2=0.830 P=0.842 

Opiatesc 118(56.5%) 17(53.1%) 50(55.6%) 25(58.1%) 26(59.1%) 𝜒2=0.348 P=0.951 

Diureticc 32(15.3%) 7(21.9%) 13(14.4%) 4(9.3%) 8(18.2%) 𝜒2=2.592 P=0.459 

Total ICU length of 

stay, h  
48(24,106.5) 32（24,126） 48（24,114） 48(24,96) 46(24,96) H=1.241 P=0.743 

24-hours input and 

output volume 

948 

(100,1640.5) 

880 

(321.5,1438.5) 

1083 

(-153.5,1790.5) 

766 

(281,1575.0) 

961.5 

(137.5,1775.25) 
H=0.350 P=0.950 

Temperatured 36.7(36.5,36.9) 36.55(36.50,36.80) 36.7(36.40,37.0) 36.7(36.5,36.8) 36.7(36.5,37.0) H=1.373 P=0.712 

Systolic blood pressure, 

mmHg e 
121.7±19.04 117.56±19.59 122.20±18.96 121.44±17.68 123.95±20.21 F=0.730 P=0.535 

Diastolic blood 

pressure, mmHge 
72.81±11.59 72.75±9.88 72.40±11.61 70.26±11.10 76.18±12.70 F=2.004 P=0.115 

BMI, kg/m2  22.37 

(19.89,24.87) 

22.84 

(20.94,26.44) 

21.98 

(19.39,24.49) 

22.43 

(20.31,26.06) 

22.49 

(19.97,25.03) 
H=2.806 P=0.422 

APACHEⅡ 12(9,16) 11(9.25,15.75) 12.5(9,17) 11(8,16) 12(8.25,16) H=1.701 P=0.637 

VTE 6(5,8) 6(5,7.75) 7(5,8) 7(5,8) 6(4.25,8) H=1.306 P=0.728 

Blood glucose, mmol/L 7.56(6.16,9.29) 8.12(6.37,9.75) 7.66(6.13,9.81) 7.28(6.07,8.58) 8.16(5.82,9.30) H=2.482 P=0.479 

Sodium, mmol/L 139.9 

(135.20,142.95) 

140.0 

(135.68,143.83) 

139.3 

(134.35,142.5) 

140.4 

(137.3,143.0) 

141.0 

(135.58,143.25) 
H=2.660 P=0.447 

Potassium, mmol/L 3.93(3.62,4.25) 3.95(3.72,4.34) 4.02(3.64,4.42) 3.80(3.59,4.17) 3.91(3.57,4.16) H=4.842 P=0.184 

Ionized calcium, 

mmol/L 
1.13(1.09,1.17) 1.14(1.11,1.18) 1.12(1.08,1.17) 1.13(1.10,1.17) 1.12(1.07,1.18) H=4.954 P=0.175 

Osmolality, mmol/L 301.88 

(293.93,308.71) 

303.74 

(294.71,312.15) 

302.18 

(292.57,308.97) 

300.70 

(296.05,307.84) 

301.67 

(294.63,310.36) 
H=454 P=0.929 

CRP, mg/L 60.56 

(8.11,136.45) 

18.21 

(3.99,91.07) 

79.2 

(9.01,149.75) 

44.18 

(4.95,102.04) 

73.0 

(9.59,157.75) 
H=5.732 P=0.125 

Ccr, ml/min/1.73m2 96.07 

(75.09,106.18) 

97.17 

(73.08,104.91) 

94.05 

(71.78,106.48) 

97.74 

(83.36,111.73) 

98.84 

(64.01,104.04) 

H=2.206 P=0.531 

Duration of IMV, h  4(0,9) 3(0.00,8.75) 3(0.00,8.25) 5(0,8) 6(0,9.75) H=2.286 P=0.515 

Duration of NPO, h  24(16.5,48) 24(13.5,36) 24(14.25,37.5) 24(13,48) 32(24,74.25) H=3.344 P=0.342 
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(persistent low-level group; 15.36% of patients, thirst level ≤ 2 throughout 24 hours), trajectory 2 (persistent 

middle-level group; 42.91% of patients; 2 < thirst level ≤ 4 throughout 24 hours), trajectory 3 (high-level rising 

group; 20.29% of patients; thirst level ≥5 starting 6 hours post-ICU admission) and trajectory 4 (high-level 

descending group: 21.43%, 3< thirst level ≤6 with a decreasing trend from ICU admission). Apart from the 

high-level rising group, the thirst levels in the other three groups peaked upon admission and then gradually 

decreased to varying degrees as depicted in Fig. 2. 

Table 2  Trajectory evaluation metrics 

Tracks AIC BIC AvePP OCC Probability 

1 4444.747 4459.603 1 1 1 

2 4179.069 4223.635 0.922/0955 17.218/14.357 0.406/0.594 

3 4091.233 4186.451 0.906/0.911/0.872 32.124/23.349/7.823 0.230/0.305/0.465 

4 4037.039 4173.930 0.903/0.906/0.894/0.848 51.437/12.800/33.285/20.443 0.154/0.429/0.203/0.214 

Note: The optimal fitting model was bold. 

AIC, Akaike Information Criteria; BIC, Bayesian Information Criterion; AvePP, Average posterior probability; OCC, Odds of Correct Classification. 

 

 

Fig. 2  Trajectories of thirst level within the first 24-hour ICU stay. Outcome of y-axis indicates the Critically Ill Patient’s Thirst Assessment Scale and 

x-axis represents hours within the first 24-hour. 

 

3.3 Predictors of thirst level trajectories 

Univariate analysis revealed a statistically significant difference only for smoking(yes/no)(P =0.023), No 

other variables showed significant differences (P > 0.05) in Table 1. Combined with clinical experience and 

previous studies, gender, diagnosis of ICU admission, smoking, denture, APACHEⅡ, temperature, input and 

output balance, potassium, ionized calcium, CRP, invasive mechanical ventilation(yes/no), the duration of NPO, 
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were selected for inclusion in a multivariate logistic regression model. The goodness-of-fit of the regression 

model(Supplementary Appendix 2) was adjusted to significant difference (P=0.575) by censoring these variables, 

finally diagnosis ICU admission and temperature remained as an independent predictor of four group 

membership[32]. 

With persistent low-level group as the reference category, multivariate logistic regression revealed that 

patients with a admission diagnosis of sepsis, had a significantly lower likelihood of being classified in either 

persistent middle-level group(OR=0.068, 95% CI: 0.006-0.829) or high-level descending group(OR=0.032, 

95%CI: 0.001-0.749); Conversely, a higher body temperature was associated with an increased likelihood of 

classification in the high-level rising group(OR=4.172, 95% CI: 1.350-12.897). When the persistent middle-level 

thirst group was used as the reference, patients admitted to the ICU following major surgery had a significantly 

higher likelihood of being classified in the high-level rising group(OR=8.642, 95 % CI: 1.025-72.858 )(Table 3). 

Table 3  Multivariate logistic regression analysis for four-group trajectories 

Group 

comparison 
Coefficient 

Standard 

error 
Warl𝐝𝛘𝟐 P OR(95%CI) 

Persistent middle-level group VS persistent low-level group 

diagnosis=1 -0.566 0.846 0.447 0.504 0.568(0.108-2.982) 

diagnosis=2 -2.687 1.275 4.442 0.035 0.068(0.006-0.829) 

diagnosis=3 -0.720 1.381 0.272 0.602 0.487(0.033-7.287) 

diagnosis=4 -1.712 1.037 2.726 0.099 0.180(0.024-1.378) 

diagnosis=5 -0.121 1.105 0.012 0.913 0.886(0.102-7.734) 

temperature 0.908 0.534 2.885 0.089 2.479(0.870-7.065) 

CRP 0.007 0.004 2.756 0.097 1.007(0.999-1.014) 

High-level rising group VS persistent low-level group 

diagnosis=1 1.381 1.297 1.134 0.287 3.977(0.313-50.507) 

diagnosis=2 -2.046 1.890 1.172 0.279 0.129(0.003-5.250) 

diagnosis=3 - - - - - 

diagnosis=4 0.516 1.425 0.131 0.717 1.676(0.103-27.349) 

diagnosis=5 1.831 1.492 1.506 0.220 6.237(0.335-116.114) 

temperature 1.428 0.576 6.155 0.013 4.172(1.350-12.897) 

CRP 0.003 0.005 0.414 0.520 1.003(0.994-1.012) 

High-level descending group VS persistent low-level group 

diagnosis=1 -0.145 0.922 0.025 0.875 0.865(0.142-5.268) 

diagnosis=2 -3.431 1.603 4.581 0.032 0.032(0.001-0.749) 

diagnosis=3 -0.234 1.458 0.026 0.872 0.791(0.045-13.767) 

diagnosis=4 -1.493 1.176 1.613 0.204 0.225(0.022-2.251) 
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Table 3 (continued) 

Group 

comparison 
Coefficient 

Standard 

error 
Warl𝐝𝛘𝟐 P OR(95%CI) 

diagnosis=5 -0.250 1.225 0.042 0.839 0.779(0.071-8.600) 

temperature 0.713 0.577 1.525 0.217 2.039(0.658-6.318) 

CRP 0.008 0.004 3.710 0.054 1.008(1.000-1.016) 

High-level rising group VS persistent middle-level group 

diagnosis=1 2.157 1.088 3.931 0.047 8.642(1.025-72.858) 

diagnosis=2 0.888 1.588 0.313 0.576 2.431(0.108-54.679) 

diagnosis=3 - - - - - 

diagnosis=4 2.264 1.194 3.595 0.058 9.623(0.927-99.945) 

diagnosis=5 2.080 1.168 3.171 0.075 8.007(0.811-79.040) 

temperature 0.479 0.307 2.427 0.119 1.614(0.884-2.949) 

CRP -0.004 0.003 1.473 0.225 0.996(0.991-1.002) 

High-level descending group VS persistent middle-level group 

diagnosis=1 0.492 0.593 0.688 0.407 1.635(0.512-5.225) 

diagnosis=2 -0.619 1.280 0.234 0.629 0.538(0.044-6.620) 

diagnosis=3 0.361 0.795 0.207 0.649 1.435(0.302-6.812) 

diagnosis=4 0.194 0.888 0.048 0.827 1.214(0.213-6.913) 

diagnosis=5 -0.081 0.789 0.011 0.981 0.922(0.197-4.327) 

temperature -0.219 0.326 0.453 0.501 0.803(0.424-1.522) 

CRP 0.001 0.002 0.384 0.535 1.001(0.997-1.006) 

High-level rising group VS high-level descending group 

diagnosis=1 1.665 1.155 2.078 0.149 5.285(0.550-50.831) 

diagnosis=2 1.508 1.882 0.642 0.423 4.516(0.113-180.509) 

diagnosis=3 - - - - - 

diagnosis=4 2.071 1.332 2.417 0.120 7.929(0.583-107.863) 

diagnosis=5 2.161 1.290 2.809 0.094 8.682(0.693-108.719) 

temperature 0.698 0.382 3.340 0.068 2.011(0.951-4.253) 

CRP -0.005 0.003 2.432 0.119 0.995(0.989-1.001) 

Note: Bold indicates statistical significance; 

CRP,C-reactive protein; VS, versus; diagnosis=6 was the reference of diagnosis of ICU admission; “-” indicates that odds ratios could not be calculated 

in the multivariate logistic regression model due to a lack of patients with a diagnosis of respiratory failure. 

4. Discussion 

4.1 Main findings 

This is the first study to use objective tool to investigate thirst level in ICU oncology patients throughout 

their first 24-hour ICU stay, and use GBTM to capture distinct thirst level trajectories within this population. A 

key finding was the identification of four distinct trajectory groups: persistent low-level group(15.36%), 

persistent middle-level group(42.91%), high-level rising group(20.29%), and high-level descending 

group(21.43%). We found that moderate to high of thirst levels was prevalent during 24-hour ICU stay. These 
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findings suggest a heterogeneity in thirst level trajectories among ICU oncology patients. Several notable 

differences in baseline characteristics were associated with these trajectory groups such as ICU admission 

diagnosis, body temperature. 

4.2 Relationship to literature 

Regarding the distribution of patients within each trajectory group, the majority experienced moderate to 

high of thirst levels, which is in line with current understanding[5, 20]. This study’s finding of the observed 

gradual decrease in thirst levels over time aligns with findings from previous observational studies using 

subjective assessment tools[22, 33]. Given that most ICU patients have undergone surgery, this observation may 

be potentially related to anesthetic drug metabolism and tracheal extubation[21]. Sepsis as an admission 

diagnosis may be predictive of low thirst levels. This could be related to the development of sepsis-associated 

acute kidney injury (SA-AKI), a common complication diagnosed early in the ICU course and associated with 

significant morbidity. A retrospective cohort study across 12 ICUs found that SA-AKI frequently manifests as 

oliguria[34]. While thirst is a subjective sensation, it is governed by a complex interplay of neurological, 

hormonal, and behavioral mechanisms[32]. Neuroscience research has demonstrated that fluid balance 

disturbances frequently occur secondary to sepsis or major surgery. Furthermore, elevated core body temperature 

can be an anticipatory response promoting thirst, supports our findings[35]. 

4.3 Implications for clinical practice and future research 

Identifying patients with different thirst level during their ICU stay is essential for formulating early thirst 

management protocols and tailored interventions. This study suggests that early risk stratification upon ICU 

admission, using indicators such as admission diagnosis and body temperature, is crucial, enabling targeted 

interventions for patients in high-level thirst trajectory groups. Health caregivers should prioritize interventions 

that address factors associated with moderate to high thirst levels. Implementing non-pharmacological strategies 

to reduce thirst symptoms may be a recommended approach. Interventions such as “thirst bundle”[6] “optimize 
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oral hygiene care”[36], “Saliva substitutes and mucosal moistening agents”[15, 37] have demonstrated 

effectiveness in reducing thirst symptoms in ICU patients. Conversely, given the low thirst levels observed in 

patients admitted with a diagnosis of sepsis, careful monitoring of their fluid balance is warranted. Furthermore, 

we did not observe any effect of antineoplastic drugs such as chemotherapeutic agents or targeted therapies on 

trajectory groups. It is possible that the widespread use of these drugs influenced the overall incidence of thirst 

but did not differentiate patients into distinct trajectory groups. This hypothesis requires further investigation, 

including detailed analysis of specific antineoplastic agents and individual treatment regimens. 

5. Limitations 

This study’s investigation period was limited to the first 24 hours following ICU admission due to the 

varying lengths of stay among patients. This constraint may have influenced the subgroup results. Future 

research should incorporate longer observation periods and larger sample sizes. Although the objective scale 

allowed us to assess patients’ thirst symptoms prior to regaining consciousness, its clinical utility remains limited, 

and further validation is required. Furthermore, the complex nature of thirst assessment and the absence of a gold 

standard necessitate additional investigation into the consistency between the subjective and objective 

assessment of thirst.  

6. Conclusion 

This study identified four distinct thirst level trajectory groups overtime in critically ill oncology patients 

using GBTM: persistent low-level group, persistent middle-level group, high-level rising group, and high-level 

descending group. These trajectories were significantly associated with diagnosis of ICU admission and body 

temperature of patients. Therefore, early identification and stratification of thirst levels within the first 24 hours 

after ICU admission represent a crucial first step in developing targeted management strategies to alleviate thirst 

in this patient population. 
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