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Abstract 

Chengdu is one of the earliest pilot cities for urban-rural basic medical insurance integration in China. This study aimed to 

analyze the influencing factors of hospitalization costs of senile cataract in a tertiary hospital in Chengdu by robust method, 

especially considering the influence of medical insurance type. A total of 1310 discharged patients from a tertiary hospital 

from January 2020 to June 2021 who were mainly diagnosed with senile cataracts were selected as the research subjects. 

Kruskal-Wallis H test and Spearman correlation analysis are used to conduct univariate statistical analysis. The robust 

multivariate linear regression model and a semi-parametric multivariate regression model are established to obtain the 

influencing factors for their hospitalization costs. The robust multivariate regression model results show that reimbursement 

ratio, number of surgeries, type of medical insurance, hospitalization days, number of additional diagnoses and material 

proportion have significant correlations with the response variable, i.e. total hospitalization costs of the senile cataract patients. 

In the robust multivariate regression analysis, the type of insurance is significantly associated with the hospitalization costs. 

Fixing other variables, the hospitalization costs of patients with UEBMI insurance were 7.6% higher than those with URRBMI 

insurance. Generalized additive model (GAM) can express the nonlinear relationship between explanatory variables and 

response variable. Because of the nonlinear part of the GAM, the interpretation and description of the model can provide more 

knowledge than the linear models. In the GAM model, the type of insurance is also significantly related to the total costs. 

According to the regression effects of reimbursement ratio, number of surgeries, type of medical insurance, hospitalization 

days, number of additional diagnoses and material proportion on total costs, the paper aims to provide some references for 

promoting the reform of the local medical system and improving the eye health status and quality of life of middle-aged and 

elderly groups. 
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1. Introduction 

Over the past few decades, China has embarked on a na-

tionwide effort to reform its healthcare system due to the 

growing demand for medical services and an increasingly 

aging population. In the late 1990s, the Chinese government 

established a medical insurance scheme for urban employees 

and retirees (the Urban Employee Basic Medical Insurance, 

UEBMI) [1]. In 2003, the Chinese government introduced 

the New Rural Cooperative Medical Care System (NRCMS) 

for the rural population [2]. In 2007, China started the Urban 

Resident Basic Medical Insurance (URBMI), which will 

bring urban non-labor population into the coverage of insur-

ance [3]. However, access and equity hinder progress to-

wards universal health care. In order to further narrow the 

gap between urban and rural areas and improve the treatment 

of medical services for rural residents, the Chinese govern-

ment issued the document on integrating the basic medical 

insurance system for urban and rural residents in 2016 [4]. 

The Urban and Rural Residents' Basic Medical Insurance 

(URRBMI) will integrate the NRCMS and URBMI [5]. 

As a pilot city for the integration of medical insurance for 

urban and rural residents, Chengdu is in the forefront of 

medical insurance reform. At present, the medical insurance 

in Chengdu is mainly divided into the Urban and Rural Res-

idents' Basic Medical Insurance (URRBMI) and the Urban 

Employee Basic Medical Insurance (UEBMI). 

Cataract is one of the main causes of blindness and a ma-

jor public health problem worldwide [6, 7]. In 2010, cata-

racts accounted for 33.4% of global blindness and 18.4% of 

moderate to severe visual impairment [8]. The 2017 Global 

Burden of Disease Study showed that cataract disability in-

creased by 29.6% globally from 2007 to 2017, reaching 8.01 

million [9]. In 2019, the World Vision Report (2020) re-

leased by the World Health Organization showed that about 

65.2 million patients around the world suffer from moderate 

and severe far-vision impairment or blindness caused by 

cataracts, and the incidence of cataracts increases sharply 

with the acceleration of global population aging [10]. Among 

them, the incidence of cataracts is high in developing coun-

tries, with the majority in Asia [11]. In China, the number of 

cataract patients in 2020 is estimated to be 5.0625 million, 

which has caused serious public health problems, greatly 

affects patients and their families, and also brings a heavy 

economic burden to the whole society [12-14]. According to 

the literature, from 2000 to 2020, the total incidence rate of 

cataracts in the Chinese population over 50 years old was 

27.45%, that in rural areas was 28.79%, that in urban areas 

was 26.66%, and the total coverage rate of cataract surgery 

was 9.19% [15]. As life expectancy increases and the popu-

lation ages rapidly, the number of people with visual im-

pairment due to cataracts will increase continuously. 

According to the pathological factors of lens opacity, cata-

racts can be divided into congenital, senile (age-related), meta-

bolic, toxic and radiation cataracts. At present, the correspond-

ing drug treatment for different etiologies fails to delay or re-

verse lens opacity, the only effective treatment is still surgery 

[16]. Among them, phacoemulsification combined with intraoc-

ular lens (IOL) implantation is one of the most effective surgical 

methods for cataract treatment, but the costs of the surgery bring 

an economic burden to patients [17]. In recent years, the rela-

tionship between cataract treatment and the social economy has 

been a hot topic. For example, Den et al. studied that socioeco-

nomic status was negatively correlated with the burden of cata-

ract blindness in 185 countries [18]. They determined that ultra-

violet radiation exposure interacts with socioeconomic status 

and the burden of cataract blindness. Ko et al. found personal 

familiarity with cataract surgery is important in determining a 

patient's willingness to pay [19]. Tan et al. believed that cataract 

diagnosis was associated with a higher utilization rate of medi-

cal resources and higher economic burden by studying cataract 

patients in American medical insurance [20]. At the same time, 

the study of hospitalization costs is a hot topic, many scholars 

have conducted related research, such as Bhuiyan et al., Luo et 

al., Xu et al., Urbich et al., Rodriguez-Martinez et al. [21-25]. 

Our contribution is mainly reflected in three aspects. First, 

the sample we analyzed is representative. The sample is from 

the best local hospital, which is located in relatively devel-

oped city in southwest China, with a population of more than 

20 million. Therefore, the analysis results have reference 

value. Second, we used two different regression models to 

make up for the disadvantages of the single use of classical 

multivariate linear regression analysis. We analyzed the in-

fluencing factors of hospitalization costs through a robust 

multivariate regression model. Moreover, the GAM was es-

tablished, and this semi-parametric regression model could 

reveal more useful information. Third, we focus on the med-

ical insurance type variable and find that it is significantly 

related to total costs under current health policies. The pa-

tients with UEBMI spend more and get better medical care. 

There is still a gap in medical resources. Therefore, it is sug-

gested that the government continue to reform the content of 

medical insurance for urban and rural residents, and strive to 

make low-income groups enjoy more quality medical ser-

vices without increasing the medical burden. 

2. Materials and Methods 

2.1. The Data Source 

The sample in this paper is from the medical insurance of-

fice of a tertiary hospital in Chengdu. From January 2020 to 

June 2021, all 1310 patients with senile cataracts underwent 

phacoemulsification combined with IOL implantation. The 

sample included many potential influencing factors and co-

variates such as age, gender, medical insurance types 

(URRBMI, UEBMI), hospitalization time, discharge time, 

hospitalization days, medical total costs, reimbursement of 
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costs, number of surgeries, and personal out-of-pocket costs, 

and all kinds of hospitalization costs (treatment fee, exami-

nation fee, material fee, ward fee, radiology examination fee, 

nursing fee, laboratory fee, anesthesia fee, blood dispensing 

examination fee, surgery fee, western medicine fee and meal 

fee), medical record catalog name, medical record catalog 

surgery name, surgical name, surgical grade, surgical anes-

thesia, type of incision and healing, etc. 

2.2. Descriptive Analysis of Data 

To gain a more comprehensive understanding of the 

information provided by the sample, a descriptive statis-

tical analysis is performed first. Among the 1310 senile 

cataract patients who underwent phacoemulsification 

combined with IOL implantation, the average reimburse-

ment rate was 40.3%. Among all kinds of hospitalization 

costs, the cost of materials averagely accounted for 55.0% 

of the total hospitalization costs (much higher than others), 

followed by the average cost of surgeries accounted for 

23.5%, examination fees accounted for 6.8%, and other 

costs accounted for less than 5%. Materials cost accounts 

for the largest proportion of total hospitalization costs in 

our study, and some other studies have shown that the 

hospitalization cost of using the domestic low-priced IOL 

is much lower than that of using an imported high-priced 

lens [26]. 

Non-parametric Kruskal-Wallis H test and Spearman 

correlation test are adopted. The corresponding results are 

shown in Table 1 and Table 2. In the statistical hypothesis 

test, P value less than 0.05 is considered to have a signif-

icant difference at the significance level of 5%; otherwise, 

there is no significant difference. Less than 0.1 is consid-

ered to have a significant difference at the significance 

level of 10%, whereas otherwise, there is no significant 

difference. 

Table 1. Test results of each variable between total costs. 

Variable Num % 

total costs (RMB) 

Mean Sd Median P value 

Age 

40~60 141 0.11 10650.40 3912.67 8419.57 

0.504 60~80 998 0.76 10047.68 4922.88 8416.95 

>80 168 0.13 10406.69 4981.44 8563.96 

Gender 
M 489 0.37 9931.99 4884.46 8401.26 

0.522 
F 818 0.63 10294.46 5089.54 8435.11 

Insurance 
R 199 0.15 9429.74 3765.95 8134.07 

0.005 
E 1108 0.85 10289.80 5198.25 8461.16 

Reimbursement ratio 

<=0.3 162 0.12 17428.88 8518.23 16795.10 

<0.001 
0.3~0.4 299 0.23 8168.05 2625.60 7245.45 

0.4~0.5 806 0.62 9478.75 3211.50 8491.58 

>0.5 40 0.03 9300.46 4105.41 8156.40 

Material proportion 

<=0.4 25 0.02 12019.54 8026.26 8792.84 

<0.001 
0.4~0.5 373 0.29 9687.91 3103.14 8722.71 

0.5~0.6 615 0.47 9071.33 3387.89 8315.22 

>0.6 294 0.22 12873.01 7752.11 9612.35 

Number of surgeries 
1 1145 0.88 8872.86 2795.91 8257.85 

<0.001 
2 162 0.12 19248.10 7319.70 16820.50 

Additional diagnoses 

0 189 0.15 11847.10 7221.35 8678.72 

<0.001 

1-2 722 0.55 10157.41 4597.19 8451.97 

3 239 0.18 9410.62 3967.44 8232.85 

>=4 157 0.12 9272.14 4572.97 7865.32 
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Note: The number of surgeries refers to single eye surgery or double eye surgery; The number of additional diagnoses refers to the number of 

diagnoses other than the main diagnoses on the first page of medical records. 

 
Figure 1. Histogram of variables. 

As shown by Table 1 and Figure 1, among the 1310 pa-

tients, the majority of senile cataract patients undergoing 

phacoemulsification combined with IOL implantation were 

aged 60-80 years, accounting for 76%. At the same time, the 

P value obtained by the Kruskal-Wallis H test indicates that 

age has no significant influence on total hospitalization costs. 

There is no significant difference between male and female 

in hospitalization days and total costs. 

There are two types of medical insurance in this sample, 

namely URRBMI and UEBMI, among which UEBMI ac-

count for 85%. It is found that the average total hospitaliza-

tion cost of employee insured patients is higher than that of 

resident insured patients, and the P value of the medical in-

surance type for total hospitalization cost is 0.005, less than 

0.05, indicating that a significant difference between the two 

types of medical insurance can be inferred. The median total 

medical coats of patients with UEBMI insurance are 327.09 

RMB higher than those with URRBMI insurance. We be-

lieve this is due to the relatively higher incomes of patients 

with UEBMI insurance, who typically choose more expen-

sive treatment options and therefore incur higher total costs. 

Similarly, from the perspective of reimbursement ratio, 

there are significant differences in hospitalization costs of 

patients with different reimbursement ratio. The total hospi-

talization costs of patients with a reimbursement ratio less 

than or equal to 0.3 is nearly twice than that of other patients. 

For the Material proportion factor, the P value of the corre-

sponding test for the total hospitalization costs is less than 

0.001, which can be regarded as a significant correlation. As 

for the number of surgeries, the average length of hospitali-

zation days for patients undergoing monocular surgery was 

1.23, while the average length of hospitalization days for 

patients undergoing binocular surgery was 5.62. The average 

total hospitalization cost of patients undergoing binocular 

surgery was twice than that of patients undergoing monocu-

lar surgery, with a P value less than 0.001, showing a signif-

icant relationship between the number of surgeries and total 

cost. As the number of additional diagnoses increased, the 

total hospitalization costs decreased, and the P value was less 

than 0.001. However, the P value of the corresponding test 

between the number of additional diagnoses and the hospi-

talization days was 0.432. As the cost of materials and the 

cost of surgery accounted for 55.0% and 23.5% of the total 

costs on average, the correlation between the materials fee 

and other variables, the correlation between the surgery fee 

and other variables can be explored, as shown in Table 2 for 

further analysis. 

 

http://www.sciencepg.com/journal/ajls


American Journal of Life Sciences http://www.sciencepg.com/journal/ajls 

 

37 

Table 2. Spearman correlation analysis results of various variables with material fee and surgery fee. 

Variable 

materials fee surgery fee 

correlation coef-

ficient 
P value 

correlation coef-

ficient 
P value 

Age -0.010 0.726 0.072 0.009 

Gender -0.060 0.031 -0.066 0.018 

Hospitalization days 0.437 <0.001 0.637 <0.001 

Reimbursement ratio -0.353 <0.001 0.026 0.346 

Insurance 0.087 0.002 0.034 0.217 

Number of surgeries 0.467 <0.001 0.830 <0.001 

Material proportion 0.308 <0.001 -0.028 0.317 

Additional diagnoses -0.140 <0.001 -0.043 0.117 

 

According to Table 2, in the 1310 senile cataract patients, 

the P values of Spearman correlation tests of all variables 

except for age and material cost were all less than 0.05, in-

dicating that these variables were significantly correlated 

with materials fee by univariate analysis. The P values of the 

corresponding tests for reimbursement ratio, type of medical 

insurance, the material proportion, number of additional di-

agnoses on surgery fee were greater than 0.05. It can be 

found that the medical insurance type is significantly corre-

lated with the materials fee, but not with the surgery fee. 

2.3. Introduction to Statistical Models 

To obtain more robust analysis, multivariate robust multi-

variate regression model and generalized additive model 

(semi-parametric regression model) are used to analyze the 

sample. 

A brief introduction to multivariate linear regression mod-

els is conducted as following.   denotes response variable 

and                of   dimension stands for ex-

planatory variables, where                  
  is the 

coefficient vector to be estimated,   is a random error. The 

multivariate linear regression model is 

                           (1) 

The assumptions of multivariate linear regression using 

ordinary least squares (OLS) estimation are:   follows a 

normal distribution, homoscedasticity and uncorrelated. Due 

to the large sample size in this paper, according to the large 

sample theory, we only need to check whether the model 

meets the Gauss-Markov assumption, that is, whether the 

residuals are homoscedasticity and uncorrelated. 

Robust regression is one of the robust methods in statistics, 

which can be used in medical data research [27, 28]. Since 

the OLS is very sensitive to outliers, the classical 

least-squares loss function of OLS is modified in robust re-

gression, which can be used to fit the structures in many data 

sets. In addition, robust regression can identify potential 

strong influence points, outliers and the corresponding 

structures when model assumption unsatisfied. When the 

error follows normal distribution, the estimation of robust 

regression is almost as good as OLS. But, the results of ro-

bust regression are better than the OLS when the 

Gauss-Markov assumption is not satisfied. When sample 

data contain outliers, the residuals estimated by OLS are not 

normally distributed and tend to be heavy-tailed. Considering 

the sum of squares of residuals, the dominating role of outli-

ers is greatly increased, resulting in poor accuracy of estima-

tion. Therefore, the robust regression model is used in this 

paper. Total hospitalization costs are highly right-skewed, so 

they are log transformed. 

M-estimation was proposed by Huber, widely used for robust 

regression, it is also called generalized maximum likelihood 

estimation [29]. When applied to the multivariate regression 

model, the object function to be minimized is as follows, 

 ̂        ∑         
          ∑      

      

where      is the loss function, which satisfies the fol-

lowing assumptions, 

     is a smooth positive real function; 

when    ,      does not decrease; 

                   

Obviously, when        , the M-estimation is just OLS, 

so the OLS estimation is a special case of M-estimation. 

OLS estimation and M-estimation were respectively used 

to establish the model (1). Combined with the results pre-
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sented below, the model established by M-estimation has 

better stability than OLS and is generally not affected by 

outliers. 

However, model (1) only describes the linear relationship 

between   and  , and cannot explain whether there is a 

nonlinear relationship with unknown function. Therefore, in 

order to better establish the model between   and  , this 

paper will build a generalized additive model (GAM)
 
by 

semi-parametric regression estimation. The model can con-

tain both parametric components and non-parametric com-

ponents. It can express the linear and nonlinear relationship 

between explanatory variables and response variables in de-

tails, reducing the estimation bias caused by linear settings 

[30]. Therefore, the GAM has a good effect when applied to 

medical data [31, 32]. The mathematical formula of GAM is 

shown as follows, 

     ∑       ∑   (  )            (2) 

Where,    is the explanatory variable assumed to be lin-

ear,    is the corresponding parameter,       is the 

smoothing function corresponding to the explanatory varia-

ble    with unknown form, and   is the random error term. 

In summary, R language was used to establish multivariate 

regression models including classical regression model, ro-

bust regression model (M-estimation) and GAM, to analyze 

the influencing factors and their influencing degree on hos-

pitalization costs of senile cataract patients. The following is 

the construction of dummies for qualitative variables to be 

adopted in the process of establishing multivariate regression 

models (1) and (2) in this paper. 

Table 3. Dummy variable Settings. 

Gender F→0; M→ 1 

Insurance R→0; E→ 1 

As gender and medical insurance type are qualitative var-

iables in this paper, these variables need to be transformed as 

dummies, as shown in Table 3. 

After the transformation of dummy variables, the multi-

variate regression models can be fitted. Explanatory varia-

bles and response variables included in models (1) and (2) 

are described in Table 4. 

Table 4. Description of variables used in multivariate regression 

models. 

   Log (Hospitalization costs) 

    Age 

    Gender 

    Hospitalization days 

    Reimbursement ratio 

    Insurance 

    Number of surgeries 

    Material proportion 

    Additional diagnoses 

3. Results 

To detect outliers in the sample, we first establish a gen-

eral multivariate linear regression model by OLS and then 

use it to calculate the Cook’s distance of all data points. As 

shown by Figure 2, sample points NO. 220, 662, 689, 790 

and 1297 can be regarded as outliers. After eliminating these 

five outliers, we established a multivariate regression model 

based on OLS. In contrast, when modeling with 

M-estimation, there is no need to eliminate outliers because 

of its robustness. 

 
Figure 2. Cook’s distance of all observation points. 

http://www.sciencepg.com/journal/ajls


American Journal of Life Sciences http://www.sciencepg.com/journal/ajls 

 

39 

The results of two multivariate linear regression models are shown in Table 5. 

Table 5. Results of classical and robust multivariate linear regression models. 

 

Classical multivariate regression (OLS) Robust multivariate regression (M-estimation) 

Estimator P value Estimator P value 

Intercept item 9.440 <0.001 9.675 <0.001 

Age -0.0002 0.674 -0.0004 0.548 

Gender 0.011 0.250 0.011 0.258 

Hospitalization days 0.068 <0.001 0.062 <0.001 

Reimbursement ratio -2.298 <0.001 -2.510 <0.001 

Insurance 0.080 <0.001 0.076 <0.001 

Number of surgeries 0.514 <0.001 0.526 <0.001 

Material proportion -0.132 0.277 -0.388 0.002 

Additional diagnoses -0.022 <0.001 -0.022 <0.001 

AIC -970.366 

 

-921.324 

 Sd(res) 0.167 0.169 

MSE 0.027 0.029 

MAE 0.138  0.137  

Remark: AIC is short for Akaike information criterion; Sd(res) means the standard deviation of residuals; MSE represents mean square error; 

MAE stands for mean absolute error. 

In modeling, the classical multivariate linear regression 

uses the data stripped of the outliers, while the robust multi-

variate linear regression uses all data. We will further exam-

ine the significance of the material proportion in GAM. 

For the classical model obtained by OLS method, Spear-

man correlation test is used for homoscedasticity assumption. 

Considering the Spearman correlation tests for the absolute 

values of residuals and              , we find that the 

hospitalization days, reimbursement ratio, number of surger-

ies, and material proportion are significantly correlated with 

the absolute values of residuals with P values far less than 

0.001, so the assumption of homoscedasticity is much likely 

to be unsatisfied. In contrast, the robust multivariate regres-

sion does not need to meet the assumption, and its applica-

tion range is usually much wider. 

Next, we discuss explanatory variables who reject the null 

hypothesis. The hospitalization days is positively correlated 

with the total costs. When other variables are fixed, the hos-

pitalization costs increase by 6.2% for each additional day of 

stay. There is a negative correlation between the reimburse-

ment ratio and the hospitalization costs. The number of sur-

geries is positively correlated with the total costs. There is a 

negative correlation relationship between the material pro-

portion and the total costs of senile cataract patients. As 

shown in Table 5, the regression coefficient for the number 

of additional diagnoses is -0.022, showing a negative corre-

lation relationship between the total costs. 

The results above mainly show the relationships of factors 

and covariates to hospitalization costs by linear mode. Next, 

in the process of GAM, we selected significant variables 

              as the nonlinear part of GAM. To check 

the existence of nonlinear relationship, the Spearman corre-

lation test is used for the residuals and   , the reimburse-

ment ratio and the material proportion show significant re-

sults, with P values far less than 0.001. Therefore, in the es-

tablishment of GAM, the reimbursement ratio and material 

proportion are taken as nonlinear parts, and the nonlinear 

part is fitted with regression spline basis. Other variables are 

still set as linear. In short, the results of GAM include not 

only the coefficient estimation of linear regression and the 

significance test results of the estimators, but also the hy-

pothesis test results of whether some nonlinear relationships 

exist or not. The results of GAM are shown in Table 6. Fig-

ure 3 is the smooth curve output after the spline smoothing 

method is used to fit the nonlinear variables. 
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Table 6. GAM fitting results. 

Parameter estimation of GAM parameter section 

Variable Estimator P value 

Intercept item 8.361 <0.001 

Age 0.001 0.028 

Gender -0.002 0.699 

Hospitalization days 0.036 <0.001 

Insurance 0.037 <0.001 

Number of surgeries 0.580 <0.001 

Additional diagnoses -0.007 0.002 

Results of the non-parametric part of GAM 

Smooth component Df P value 

Reimbursement ratio 8.311 <0.001 

Material proportion 8.572 <0.001 

AIC: -2330.992 GCV: 0.010 Sd(res): 0.097 

MSE: 0.009 MAE: 0.065  

Remark: AIC is short for Akaike information criterion; GCV stands for generalized cross validation; Sd(res) means the standard deviation of 

residuals; MSE represents mean square error; MAE stands for mean absolute error. 

 
Figure 3. Smooth curves. 

The dashed lines indicate the 95% confidence interval of the fitted values, and the estimated curves of reimbursement 
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ratio and material proportion are shown in the Figure 3. 

4. Discussion 

According to the results of classical and robust multivari-

ate linear regression models, classical multivariate linear 

regression and robust multivariate linear regression have the 

close standard deviation of residuals, mean square error and 

mean absolute error. In the case that the outliers are not de-

leted, the model evaluation indexes of the model built by the 

robust method are similar to those built by the classical 

method, indicating that the robust method is resistant to out-

liers. There is a small difference between the model results 

of the two methods. The main difference lies in the signifi-

cance of the material proportion, which is considered insig-

nificant by OLS and significant by M-estimation. 

According to the results of robust multivariate linear re-

gression in Table 5, the P value for   ̂ (estimator of    for 

variable age) is 0.548, much higher than 0.05 and 0.1, indi-

cating that the null hypothesis has not been rejected, thus 

variable age has no significant correlation with the total costs. 

The P value for   ̂ (estimator of    for variable gender) is 

0.258, indicating that the null hypothesis has not been re-

jected and there is no significant correlation between gender 

and the total costs. 

According to the robust multivariate regression model, 

with other variables unchanged, the hospitalization costs of 

patients with UEBMI insurance are 7.6% higher than those 

with URRBMI insurance. It indicates that the current two 

types of medical insurance in Chengdu have significant cor-

relation with the total costs of senile cataract. 

The results of GAM show that gender is not significant, 

while age, hospitalization days, type of medical insurance, 

number of surgeries, number of additional diagnoses, reim-

bursement ratio and material proportion are all significantly 

correlated with the hospitalization costs, among which re-

imbursement ratio and material proportion show a curving 

relationship with hospitalization costs. The reimbursement 

ratio can mainly be divided into three stages, with a rapid 

decreasing trend when it is less than 0.25. Between 0.25 and 

0.4, it is a fluctuating state. When it is above 0.4, there is also 

a rapid decreasing trend. The material proportion can also be 

divided into three sections. When it is less than 0.6, there is a 

downward trend. When it is within (0.6, 0.76), there is an 

upward trend. When it is greater than 0.76, it shows a rapid 

downward trend. Meanwhile, it is found that the AIC value 

(-2330.992), standard deviation of residual (0.097), mean 

square error (0.009) and mean absolute error (0.065) of the 

model are far better than the results of the above two multi-

variate linear regression models. Because GAM can express 

the nonlinear relationship of explanatory variables, factors 

and covariates to response variable. It is worth noting that 

the GAM results consider the material proportion as a sig-

nificant non-parametric variable. Therefore, the results of the 

above two types of multivariate linear regression on the ma-

terial proportion further demonstrate the robustness of the 

robust regression method. 

5. Conclusions 

Based on robust analysis, we studied the influencing fac-

tors of hospitalization costs of senile cataract patients with 

different insurance types in Chengdu. The following conclu-

sions and suggestions are presented: The cost of materials, 

such as intraocular lenses and surgical instruments, are the 

key factor influencing total hospitalization costs. It is sug-

gested that doctors should choose surgical products in a more 

comprehensive and reasonable way, and expect the new 

technology to reduce the cost of intraocular lens. There is still 

an imbalance in medical resources. Therefore, it is suggested 

that the government continue to reform the content of medical 

insurance for urban and rural residents, and make efforts to 

allow low-income groups to enjoy more high-quality medical 

services without increasing the medical burden, so as to im-

prove the welfare level of these groups and alleviate the im-

balance of medical resources. In addition, the reimbursement 

ratio, the number of surgeries, hospitalization days, number of 

additional diagnoses and material proportion are key influ-

encing factors to the hospitalization costs of senile cataract 

patients. In order to reduce the economic burden of senile 

cataract treatment, hospitals can use more reasonable surgical 

supplies and reduce the hospitalization days of patients while 

ensuring the surgical effect. The relevant local health insur-

ance institutions may consider adding more specific types of 

health insurance for the elderly. In summary, this paper con-

ducted a robust analysis to study the influencing factors of 

hospitalization costs for senile cataract patients, with empha-

sis on the impact of medical insurance type. The sample used 

was from Chengdu, one of the earliest pilot cities for ur-

ban-rural health insurance integration. The conclusions can 

provide reference for the management and payment of hos-

pitalization expenses for senile cataract in the future. 
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