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Abstract 
Purpose: To explore the fever-related risk factors of inpatients in Rehabilita-
tion Department, and to provide reference for patients with high risk of fever 
to take corresponding nursing measures. Methods: The study was conducted 
on the Rehabilitation Department of The First Affiliated Hospital of Jinan Uni-
versity from July 2019 to December 2019. The fever group included 51 pa-
tients and the non-fever group included 49 patients without fever. The two 
groups of clinical data, comorbidities, related laboratory values, possible risk 
factors of fever were analyzed by case regression analysis, and the relevant 
risk factors were screened out by LASSO (least absolute shrinkage and selec-
tion operator) regression analysis. Results: According to the results of Lasso 
regression analysis, pressure sore or skin infection, history of hypertension, 
current history of respiratory tract infection, feeding patterns were the higher 
risk factors of fever in inpatients in Rehabilitation Department, while the first 
course of disease, main diagnosis, history of respiratory tract infection within 
half a year, kidney damage and hospitalization days were lower risk factors. 
Conclusion: This study is helpful to early identify the fever risk of inpatients 
in Rehabilitation Department, and provide reference basis for high-risk fever 
patients to take positive and effective nursing measures. 
 

Keywords 
Rehabilitation Department, Fever, Risk Factors,  
Least Absolute Shrinkage and Selection Operator,  
Nursing Care 

 

 

 

*These authors contributed to the work equally and should be regarded as co-first authors.  

#Corresponding authors. 

How to cite this paper: Liu, L., Wang, J.Y., 
Zhong, Y.X., Wang, C.H., Chen, Y., Mao, 
Y.T. and Mou, Z.W. (2020) Analysis of Risk 
Factors of Fever among Inpatients in Rehabil-
itation Department Based on Lasso Regres-
sion Analysis. Journal of Biosciences and 
Medicines, 8, 122-131. 
https://doi.org/10.4236/jbm.2020.85012 
 
Received: April 9, 2020 
Accepted: May 6, 2020 
Published: May 9, 2020 
 
Copyright © 2020 by author(s) and  
Scientific Research Publishing Inc. 
This work is licensed under the Creative 
Commons Attribution International  
License (CC BY 4.0). 
http://creativecommons.org/licenses/by/4.0/  

  
Open Access

https://www.scirp.org/journal/jbm
https://doi.org/10.4236/jbm.2020.85012
https://www.scirp.org/
https://doi.org/10.4236/jbm.2020.85012
http://creativecommons.org/licenses/by/4.0/


L. Liu et al. 
 

 

DOI: 10.4236/jbm.2020.85012 123 Journal of Biosciences and Medicines 
 

1. Introduction 

Body temperature is an objective reflection of the internal activities of the body 
and an important indicator of vital signs. The temperature of the human body is 
not immutable, when the human body is affected by certain factors, the body 
temperature will fluctuate accordingly. Fever is a non-specific response of the 
body to various stimulating factors [1], and there are many clinical factors lead-
ing to human fever, often involving dozens or even hundreds of diseases, there-
fore, it is not easy to make a clear identification of different cases in a short pe-
riod of time. In recent years, the number of patients in the rehabilitation ward is 
increasing year by year, and most of the patients in the Rehabilitation Depart-
ment come from other hospitals, with many complications, long hospitalization 
time, low immune function and low self-care ability [2]. All of these are easy to 
cause nosocomial infection and increase the risk of fever. Fever will lead to the 
disorder of the internal environment of the body, and even affect the prognosis 
of the disease, which brings great trouble to clinical treatment and nursing care. 

Lasso retrospective analysis: in 1996, Robert Tibshirani proposed a new varia-
ble selection technique: Lasso, or Least Absolute Shrink age and Selection Opera-
tor [3]. The basic idea of Lasso regression is that under the condition that the sum 
of the absolute values of a regression coefficient is less than a constant, then the 
sum of squares of the residual is minimized and the unimportant regression coef-
ficients are strictly compressed to zero, the corresponding variables are deleted, 
and finally the variable selection is realized [4]. Lasso algorithm features: variable 
screening and complexity adjustment while fitting the generalized linear model. 
This not only overcomes the limitation of stepwise regression variable selec-
tion method, but also retains the interpretability of subset selection and the sta-
bility of ridge regression, and the irrelevant factor coefficient can be reduced to 0 
and eliminated. This algorithm is suitable for variable selection with multiple in-
fluencing factors [5] [6]. Because Lasso regression can effectively deal with the 
multiple collinearity problem in the model, this variable selection technique is 
used to explore the risk factors of fever in inpatients in Rehabilitation Depart-
ment, which is helpful to identify patients with high risk of fever in early stage, 
so that nurses and doctors can take planned and purposeful prevention and treat-
ment measures together in clinic, so as to promote patients’ recovery as soon as 
possible. 

2 Method 
2.1. Participant 

The study was conducted on the Rehabilitation Department of the First Affiliated 
Hospital of Jinan University from July 2019 to December 2019. The fever group 
included 51 patients and the non-fever group included 49 patients without fever. 
Exclusion criteria: 1) hospitalization days < 24 hours; 2) there were already pa-
tients with fever at the time of admission; 3) Fever caused by infectious diseases. 
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2.2. Data Collection 

The collection of medical records was completed by the same nurse who had a 
full-time bachelor’s degree and worked more than 5 years in clinical nursing in 
the Rehabilitation Department. The investigation nurses comprehensively used 
the hospital electronic medical record information platform and the hospital la-
boratory examination system, and adopted the method of retrospective analysis 
to consult the in-patient medical records of the study subjects. Recorded the 
clinical information of the patient, including two parts: 1) the basic information 
of the patient: name, sex, age; 2) related risk factors that may lead to fever during 
hospitalization: length of stay, main diagnosis, With or without complications 
(cognitive impairment, dysphagia, diabetes, hypertension, respiratory tract in-
fection, pressure sores/skin infection, kidney injury, surgical wound, etc.), past 
history (history of respiratory tract infection within half a year, history of ab-
normal urine test within half a year, history of tracheotomy, history of operation 
within one month), first course of disease, feeding patterns (oral feeding, assisted 
oral feeding, intermittent oral/nasal feeding, indwelling nasal feeding), Range of 
limb mobility (walking, need assistance, relying on wheelchair, lying in bed), uri-
nation (no incontinence, occasional incontinence, incontinence or need for ca-
theterization), With or without central venous catheterization, laboratory indi-
cators (urine routine, urine culture, sputum culture, blood culture, etc.), X-ray. 

2.3. Data Analysis 

Lasso regression analysis was used to analyze the clinical data, comorbidities, re-
lated laboratory values and possible risk factors of the two groups of patients. 

3. Results 
3.1. Multi-Factor Prediction and Evaluation of Fever Risk  

Screening of Inpatients in Rehabilitation Department 

A total of 22 potential fever-related risk factors were included in this study, in-
cluding basic demographic data, clinical information, laboratory values and so on. 
We applied least absolute shrinkage and selection operator (Lasso) regression to 
predict incident of fever, assessing ten-fold cross-validated area under the receiver 
operating characteristic curve (AUC) and 95% CIs. In Figure 1, the representative 
related factors of fever are screened out. When the Lambda parameter is selected 
as the minimum, the cross-verification results show that: see Figure 1, the ordi-
nate represents the target parameter, the lower coordinate represents log (λ), the 
upper abscissa is the number of non-zero coefficient variables in the model. For 
each λ value, when the values of the target parameter were shown by the red dot, 
a confidence interval of the target parameter can be obtained. The two vertical lines 
in Figure 1 indicate two special λ values: lambda.min and lambda.1se, respectively. 
Lambda.min means to obtain the λ value of the mean value of the minimum ob-
jective parameter among all the λ values; Lambda.1se means that lambda.min 
obtains the λ value of the simplest model within a variance range. In this study, 
the value of lamb-da.1se was 0.7852. The variables entering the model were pres-
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sure sore or skin infection, history of hypertension, current history of respiratory 
tract infection, feeding patterns, main diagnosis, history of respiratory tract infec-
tion within half a year, kidney damage, days of hospitalization and first course of 
disease. With the change of λ value and the screening of model variables, Lasso re-
gression is used to analyze the prediction probability and draw the working cha-
racteristic curve (Receiver Operator Characteristic curve, ROC). In Figure 2, each 
curve represents the changing trajectory of each independent variable coefficient. 
The ordinate is the value of the coefficient, the lower abscissa is log (λ), and the 
upper abscissa is the number of non-zero coefficients in the model at this time. 
With the increase of λ value, the greater the compression degree of the model, 
the less the number of independent variables entering the model, and the func-
tion of the model to select the main variables becomes stronger. 

 

 
Figure 1. Texture feature selection. 

 

 
Figure 2. Lasso coefficient profiles. 
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3.2. Analysis of Risk Factors of Fever among Inpatients  
in Rehabilitation Department 

According to the results of Lasso variable selection, see Figure 3: pressure sore 
or skin infection (β = 0.647), history of hypertension (β = 0.497), current history 
of respiratory tract infection (β = 0.374), main diagnosis (β = −0.378), history of 
aspiration tract infection within half a year (β = −0.357), feeding patterns (β = 
−0.324), kidney damage (β = −0.107), hospital stay (β = −0.051), first course of 
disease (β = 0.006). Among them, pressure sore or skin infection, history of hyper-
tension, current history of respiratory tract infection and feeding patterns were 
the higher risk factors of fever in inpatients in Rehabilitation Department. The first 
course of disease, main diagnosis, history of aspiration tract infection within half 
a year, kidney damage and hospitalization days were lower risk factors. The 
meaning of each variable assignment is shown in Table 1. 

 

 
Figure 3. Coefficients of risk factors related to fever. 

 
Table 1. Lasso regression analysis of related factors of fever among inpatients in Rehabilitation Department. 

Variables Assignment Variable coefficient β 

Pressure sores or skin infections 1 = yes, 2 = no 0.647 

History of hypertension 1 = yes, 2 = no 0.497 

Current history of respiratory tract infection 1 = yes, 2 = no 0.374 

Main diagnosis 1 = Brain damage, 2 = Non-brain damage −0.378 

History of respiratory tract infection within half a year 1 = yes, 2 = no −0.357 

Feeding patterns 
1 = oral feeding, 2 = assisted oral feeding,  

3 = intermittent oral/nasal feeding, 4 = indwelling nasal feeding 
−0.324 

Kidney damage 1 = yes, 2 = no −0.107 

Hospitalization days (Continuous variable) −0.051 

The first course of disease 1 = yes, 2 = no 0.006 
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4. Discussion 
4.1. To Explore the Importance of Risk Factors of Fever  

in Inpatients in Rehabilitation Department 

Fever is often a common nursing problem in clinical departments. Excessive body 
temperature or long-term fever will cause some physiological disorders of the pa-
tient. Such as gastrointestinal dysfunction, often with loss of appetite or with nau-
sea, vomiting; abnormal nervous system function, high fever can cause irritabili-
ty, delirium, hallucinations, convulsions and other changes in consciousness, in 
addition, fever will also consume a lot of material and energy, which can lead to 
weight loss, imbalance of water and electrolytes, and so on. These will lead to 
more complex conditions of the patients, and easily cause a variety of complica-
tions, prolong the rehabilitation time, increase the disability rate of the patients, 
and even threaten their life [7] [8]. Through the regression analysis of fever risk 
of inpatients in Rehabilitation Department by using Lasso, it is concluded that 
the higher the evaluation score is, the greater the risk of fever in hospital is. It 
can be seen that this study has a certain guiding significance for the identifica-
tion of fever risk factors in Rehabilitation Department. Clinically, we should 
strengthen the early fever risk assessment of patients in the Rehabilitation De-
partment in order to identify early patients with high risk of fever and take effec-
tive nursing measures to reduce the incidence of fever during hospitalization. 

4.2. Pressure Sore or Skin Infection Is a High Risk Factor for Fever 
among Inpatients in Rehabilitation Department 

The results of this study show that there is a correlation between pressure sores 
or skin infections and fever in inpatients in the Rehabilitation Department, that 
is, patients with pressure sores or skin infections are more likely to develop fev-
er. Pressure sore is a common clinical complication, which increases the pain of 
patients and reduces their quality of life [9] [10]. Pressure sore or skin infection, 
with the expansion of the broken surface of the skin, cause secondary infection, 
blood culture, blood routine examination abnormalities, and even cause serious 
systemic infection and life-threatening. In this study, Lasso regression analysis 
showed that pressure sore or skin infection (β = 0.647) was a high risk factor. In 
short, pressure sore or skin infection increased the risk of fever in patients, and 
attention should be paid to the prevention and treatment of pressure sores in 
inpatients. 

4.3. Effects of Hypertension, Existing Respiratory Tract Infection 
and History of Respiratory Tract Infection within Half a Year 
on Fever of Inpatients in Rehabilitation Department 

In this study, hypertension and existing respiratory tract infection were high risk 
factors for fever among inpatients in Rehabilitation Department. Patients in the 
Rehabilitation Department often suffer from multiple diseases at the same time, 
often with diseases such as high blood pressure and/or respiratory infections. 
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Hypertension is not only the most common chronic disease, but also the most 
important risk factor of cardio-cerebrovascular disease, which can lead to target 
organ damage. Stroke, myocardial infarction, heart failure and chronic kidney dis-
ease are the main complications, which lead to the complexity of the patient’s con-
dition and the decrease of autoimmunity [11]. Due to the decrease of resistance, 
patients are prone to nosocomial infection during hospitalization [12] [13]. Lasso 
regression analysis showed that there was a strong correlation between hyperten-
sion and the risk of fever (β = 0.497). Therefore, inpatients in Rehabilitation De-
partment should pay attention to the evaluation and monitoring of hypertension. 

The inpatients in the Rehabilitation Department are older, have more basic 
diseases, and are accompanied by varying degrees of dysfunction. Its low self-care 
ability, difficulty in expectoration, dysphagia and so on, increase the incidence of 
respiratory tract infection. In addition, inpatients in Rehabilitation Department 
have a high incidence of nosocomial infection, and respiratory tract infection is 
one of the main sites of infection among inpatients in Rehabilitation Depart-
ment [14] [15]. Lasso regression analysis showed that inpatients in Rehabilita-
tion Department had a relatively high risk of fever with existing respiratory tract 
infection (β = 0.374). It is suggested that more attention should be paid to the 
prevention and treatment of respiratory diseases. The history of respiratory infec-
tion within half a year is a low risk factor for fever in patients in the Rehabilita-
tion Department, which may be due to the control of respiratory tract inflam-
mation by recent clinical treatment, but the relationship between the history of 
respiratory infection and fever patients in the Rehabilitation Department within 
half a year is still difficult to determine, which needs to be confirmed by a large 
sample study. 

4.4. Feeding Patterns and Major Diagnosis May Also Increase  
the Risk of Fever among Inpatients in the Rehabilitation 
Department 

The primary diseases of patients admitted to the Rehabilitation Department are 
mainly brain injury and orthopedic surgery, and the primary disease is often se-
rious, and the nervous system function will be accompanied by varying degrees 
of damage after the attack. Its complications, abnormal immune function, neu-
rological deficit, invasive operation and so on will increase the risk of infection 
in patients [16] [17] [18] [19]. The dysphagia and cough reflex function of these 
patients is weakened, which is easy to cause aspiration and increase the risk of 
infection [20]. Tube feeding is an invasive operation, which can destroy the in-
tegrity of the mucous membrane of the body. Some studies have shown that the 
infection rate of patients with invasive operation is more than 50%, which is much 
higher than that of patients without invasive operation [21] [22]. Lasso regres-
sion analysis showed that the feeding pattern was related to the risk of fever (β = 
−0.324), suggesting that the patients with severe dysphagia had a higher risk of 
fever. Therefore, attention should be paid to the evaluation of swallowing func-
tion of hospitalized patients, guiding patients to adopt appropriate feeding pat-
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terns and nursing care. With the continuous development of medical technology, 
the survival rate of stroke has been greatly improved. Most of the patients in the 
Rehabilitation Department are stroke convalescent patients, while some non-brain 
injury patients are mostly after orthopedic surgery, such as spinal cord injury and 
limb fracture. Orthopedic surgery is mostly emergency surgery, if it is an open 
fracture, it has the possibility of wound contamination and if the surgical wound 
is large, the postoperative bed rest time is long, and there are implants, it will in-
crease the risk of nosocomial infection [23]. Lasso regression analysis showed that 
the main diagnosis was that non-brain injury patients in Rehabilitation Depart-
ment had a higher risk of fever (β = −0.378), which should be paid attention to. 

4.5. Limitations 

1) This study is a retrospective study of a single case in the Rehabilitation De-
partment of Grade 3A Hospital for half a year. The sample size is small and there 
may be a deviation. In the future, the sample size needs to be expanded to verify 
the results. 2) There are many influencing factors and links of fever in hospital. 
In addition to the factors selected in this study, more possible influencing factors 
need to be included. 

5. Conclusion 

In this study, Lasso regression was used to analyze the risk factors of fever in in-
patients in Rehabilitation Department. The results showed that pressure sore or 
skin infection, history of hypertension and current history of respiratory tract 
infection were positively correlated with fever in inpatients in Rehabilitation 
Department, and they were medium and low risk factors. In addition, Brain in-
jury, history of aspiration tract infection within half a year, and diet were nega-
tively correlated with fever in inpatients in Rehabilitation Department, which 
were low risk factors. In a word, the results of this trial can play an auxiliary role 
in predicting the risk of fever in inpatients in Rehabilitation Department. 
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