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Abstract 
Based on the survey data from the questionnaire of Quality Management of 
Pharmaceutical Production Enterprises in Anhui Province, this research ex-
amines the relationship between the number of employees and inspection for 
GMP of pharmaceutical manufacturers by adopting OLS model and Logit 
model. We find that the more employees there are, the better their inspection 
results are. Enterprises with large number of employees generally have plenty 
people to deal with the problems of quality supervision in the production of 
pharmaceuticals and have a good knowledge of GMP. They can produce high 
quality medicines. Therefore, small companies should be supervised fre-
quently. In daily supervision, through the number of employees, it can 
quickly judge the pros and cons of the quality management level of the com-
pany, which is beneficial to allocate regulatory resources rationally. 
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1. Introduction 

As we all know, medicine is a special commodity, which plays an important role 
in helping people prevent and treat diseases, regulate physiological functions and 
improve their health. However, the toxic and side effects caused by inferior and 
unsafe drugs can also cause injury or even death to humans. Since the twentieth 
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century, 12 times of serious drug disasters in human history (Barbara, 2001) [1] 
have taught us a harsh lesson. In order to ensure the safety of drug quality at the 
source, it is necessary to strengthen the supervision of drug production process 
of pharmaceutical enterprises. 

Good Manufacturing Practice (GMP) [2] is a key measure to ensure the qual-
ity and safety of pharmaceutical production enforced by global regulatory au-
thorities. The implementation of GMP system will fundamentally change the 
production environment of pharmaceutical enterprises, standardize the order of 
drug production, and ensure the safety of people’s lives. In 2011, the Ministry of 
Health had released a new version of GMP revised in 2010. In previous qualitative 
research, it has always been considered that the production quality management of 
pharmaceuticals is related to six major factors: man, machine, material, method, 
environment and measurement, but there are several problems in following as-
pects. First, what characteristics influence on the quality management of phar-
maceutical manufacturers? Second, is it possible to identify companies in poor 
quality management based on these characteristics and increase the frequency of 
inspection? Figuring out these questions is helpful to reduce regulatory costs.  

The human has been considered as the first of the six factors affecting the 
quality of drug production. Taking the number of employees as the research ob-
ject and based on the survey data from the questionnaire of Quality Manage-
ment of Pharmaceutical Production Enterprises in Anhui Province, this research 
studies the relationship between the number of employees and inspection for 
GMP of pharmaceutical manufacturers by adopting OLS model and Logit mod-
el. And suggestions are put forward for the supervision and development of drug 
enterprises.  

2. Theoretical Analysis and Research Hypotheses 

Most of the current literature on quality management focuses on identifying and 
defining quality management structures [3] and clarifying the relationships be-
tween these structures [4], as well as conducting multidimensional evaluation of 
concepts and performance [5]. Enterprise scale is an important characteristic va-
riable reflecting an enterprise’s production and operation capacity, which mainly 
includes the number of employees, total assets and total business. 

The research about the influence of the number of employees on the quality 
management in pharmaceutical production at home and abroad now is mainly 
carried out in the following aspects. In terms of qualitative research, the rela-
tionship between employee and enterprise management is studied from the 
perspective of human resources management. David E. Guest (2011) explored 
the importance of human resources in modern enterprise management [6], and 
optimized the enterprise human resource management model, which is advan-
tageous to the promotion enterprise’s comprehensive strength and market com-
petitiveness. Kaifeng Jiang (2012) pointed out that in the process of modernized 
development of enterprise management, employees should be taken as the man-
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agement subject to carry out education and training of professional knowledge 
and advanced skills, which can improve enterprise management in an all-round 
way while ensuring the effective implementation of performance management 
[7]. Quantitative research can reflect the impact of raw materials, scale of em-
ployment and other factors of production on the development of enterprises, as 
well as the level of enterprise management. This method is convenient for statis-
tical analysis and comparison, and the data is easy to obtain, so it is widely used 
in empirical research by scholars. At present, the research on enterprise scale is 
mainly carried out in a quantitative way, which is mainly about the relationship 
between the number of employees in enterprise and enterprise output variables 
like enterprise management level, enterprise productivity, research and devel-
opment efficiency. Jiang Jiyu et al. (2018) found that the size of enterprises was 
positively correlated with the total factor productivity of agricultural product 
processing industry by using the data of agricultural product processing industry 
in Anhui Province [8]. Luo Yingxing et al. (2018) concluded that the larger the 
scale of China’s pharmaceutical enterprises, the higher the degree of industrial 
agglomeration, and the higher the research and development efficiency [9]. Song 
Yang (2014) studied the R & D input of 316 companies listed in GEM (growth 
enterprise market) from the perspective of enterprise scale, using indicators of 
number of employees amount of assets and sales revenue, and found no signifi-
cant correlation between R & D input and number of employees [10]. 

Specific to the quality management level research of pharmaceutical produc-
tion enterprises, the management level is usually evaluated by the result of drug 
production inspection in the world. While in the ICHQ9 [11] and ICHQ10 [12] 
released by FDA in 2009, the quality risk of drugs was defined, and at present the 
risk assessment method is often used to evaluate the level of production man-
agement in drug production inspection. The quality management level of drug 
production enterprises is evaluated by the results of drug production inspection. 
The representative studies are as following. 

The FDA of the United States has established the scoring system [13] for drug 
manufacturing inspection enterprises, the data tracking system (pharmacovigil-
ance reporting system (FARS), drug quality reporting system (DQRS), and bio-
logical product defect reporting system (BPDR)). The system includes receiving, 
classifying, analyzing and summarizing drug quality reports. What’s more, it can 
digitize drug risk signals, quickly identify major health hazards, and find prob-
lems in the inspection of drug, then based on the statistical analysis reports, clas-
sifying risks, and adopting different regulatory actions according to the classifi-
cations. Besides, FDA divides the influencing factors of enterprise quality man-
agement into three categories: product, process and enterprise characteristic 
risk. John v. Gray et al. (2018) analyzed the factors affecting the product quality 
of enterprises’ overseas factories [14]. T. Ishibashi et al. (2012) studied the rela-
tionship between enterprise characteristic variables and the time of drug appli-
cation [15]. Dai Junhao et al. (2014) studied how to use measurement tools in 
the process of drug development, production and testing [16]. 
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Previous studies have shown that the personnel factor plays a significant role 
in enterprise quality management and plays an important role in enterprise 
management level and various performance dimensions. However, the current 
research methods mostly rely on personal experience and cognitive level, and 
rarely link corporate characteristics with drug inspection results. Because of the 
unavailability of inspection data on drug production worldwide (part of the in-
spection results related to the pharmaceutical process patent technology cannot 
of enterprises cannot be disclosed in the public media), now there is no research 
on the correlation between enterprise characteristics and drug production in-
spection. In this paper, we take the results of GMP inspection as a dependent va-
riable to measure the level of enterprise production quality management. In ad-
dition, personnel factor (enterprise scale), which is the most important factor 
among the six recognized factors of enterprise quality management, is selected 
to study the relationship between personnel factor and enterprise production 
quality management level with the tools of econometric model. Compared with 
previous studies, the contribution of this paper is that OLS model and Logit 
model are used to study the influence of the number of employees in enterprise 
characteristic variables on the GMP inspection and evaluation results of drugs, 
which indirectly measures the quality management in pharmaceutical produc-
tion. From the perspective of regulators, the situation about unmonitored drug 
production quality management is got a glimpse from characteristics in enter-
prises, which provide more convenience for regulators. From the perspective of 
enterprises, specific development suggestions are given to enterprises and they 
can improve the quality management level and core competitiveness of drug 
production. 

3. Data Sources and Descriptive Statistics 

Source: data were obtained from questionnaires on the production quality man-
agement of drug manufacturing enterprises in 17 prefectures and cities of Anhui 
Province. 

Survey objects and survey methods: drug manufacturing enterprises in the 
whole province were classified according to their local conditions and types. For 
example, according to the type of enterprise in a certain city, it can be divided 
into sterile drugs, Chinese herbal decoction pieces, non-sterile drugs, medical 
oxygen and API. The survey objects were selected by stratified random sampling 
in proportion, and the whole sampling process was carried out on the corres-
ponding sampling software. And the method of self-filling questionnaire and 
investigator checking has been used. 230 enterprises were selected and distri-
buted for investigation, and 15 invalid questionnaires were removed to form 215 
valid questionnaires. In addition, the inspection results (defect items) were 
matched with the investigated enterprises according to the 2010 GMP certifica-
tion inspection database of pharmaceutical manufacturing enterprises in Anhui 
Province. 
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Survey content: the questionnaire is composed of two parts, 1) the basic cha-
racteristics of the enterprise, including the investigated enterprise, contact per-
son and basic information; 2) questions related to the management of pharma-
ceutical production, including the characteristic variables of enterprises and the 
subjective questions answered by enterprises. 

Data processing method: Epidata 3.1 was used to establish the questionnaire 
entry database, and we used double-entry check to ensure the data’s accuracy for 
each valid questionnaire. The data was analyzed by multifactor OLS model and 
Logit model in STATA 10. 

Quality control: many quality control measures have been adopted, such as 
the design and demonstration of the investigation scheme, the unified training 
of investigators, the input and verification of pre-investigation data, etc., with 
clear requirements to ensure the authenticity of data. 

3.1. Econometric Model 
3.1.1. OLS Regression Model 
For this study, when the quality management level of drug manufacturing en-
terprises is estimated, the least square method is first used to analyze: 

0 1 1 2 21 p p
PLn b b x b x b x

P
ε  = + + + + + − 

               (1) 

In Equation (1), Y is the inspection result of the enterprise and it also 
represents the quality management level of the enterprise. 0β  is the constant 
term. i represents the coefficient of different influencing factors. Xi stands for 
different influencing factors. ε is the error term. 

3.1.2. Logit Model 
The dependent variable in this study, namely whether the enterprise passes the 
GMP inspection, is a typical 0 - 1 discrete selection variable. The binary Logit 
model can better satisfy the study of the related problems of discrete selection 
variables, so this model is selected for the study. If the dependent variable does 
not pass the test, then Z = 1; if it does, then Z = 0. It is assumed that the proba-
bility of Z = 1 is P. xi(i = 1, 2, …, n) is the explanatory variable, various factors 
affecting production management of drugs. bi(i = 1, 2, …, n) is the regression 
coefficient of the i-th influencing factor. If bi is positive, it means the i factor has 
a positive impact on drug production management; if bi is negative, it means it 
has a negative impact. Logit binary discrete selection model is as follows: 

( ) 1
1 e zP F Z −=
+

                        (2) 

In formula (1), Z is a linear combination of variables x1, x2, …, xp  

0 1 1 2 2  ;p pZ b b x b x b x= + + + +                     (3) 

By transforming Equations (2) and (3), the Logit model is represented by the 
occurrence ratio. 
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0 1 1 2 21 p p
PLn b b x b x b x

P
ε  = + + + + + − 


                (4) 

In Equation (4), b0 is a constant term. bi(i = 1, 2, …, p) is the coefficient of the 
independent variable. ε is a random error. The values of b0 and bi can be esti-
mated by the maximum likelihood estimation method. 

3.1.3. Variable Setting 
The setting of variables can be divided into two parts: dependent variable and 
the explanatory variable. The data of the dependent variable part comes from the 
inspection database of drug manufacturing enterprises of Anhui Provincial as-
sessment and certification center from 2011 to 2016, which is responsible for the 
inspection of drug manufacturing enterprises in Anhui Province. According to 
the requirements, the specific information of the enterprise is anonymized. The 
inspection standard for enterprises is the “drug production quality management 
standard” (revised in 2010). The inspection results reflect the production quality 
management level of the enterprise. Inspection results are recorded as defective 
items, and there are 313 articles in the drug production quality management 
standard (revised in 2010). If the enterprise fails to comply with a certain provi-
sion, the degree of non-compliance shall be classified as general defect, major 
defect and serious defect according to the risk (frequency of occurrence * possi-
bility of occurrence * degree of health hazard to the user). According to the clas-
sification of inspection results, if there is one serious defect or more than three 
major defects, the dependent variable will be set to 0, that is, the production 
quality management is not good, and the inspection will not pass. If all of them 
are general defects or major defects below 3 times, it means that the production 
quality management is ok. After inspection, the dependent variable is set to 1. 
According to the nature of the survey data, the explained variables were selected 
as the quality management of drug production. The quality management of drug 
production is divided into two levels, “pass the inspection” and “fail the inspec-
tion”, and the value is “1” and “0”, which means the quality management is re-
duced successively. 

3.1.4. Explanatory Variables 
According to the research purpose of this paper, the key explanatory variables in 
this study are mainly the number of employees in the selected sample. However, 
it is found from other relevant studies that other characteristic variables such as 
human, machine, material, method, environment and measurement also play a 
crucial role in the production quality management of enterprises. 

So, in this study, we have the general characteristics variable, risk manage-
ment characteristics variable, drug eigenvariables, developmental eigenvariables, 
management system variables, and control the following variables. In terms of 
the overall characteristics of the enterprise, we control the output value of the 
enterprise; On the drug eigenvariables, whether a company produces special 
medicaments is another control variable; Whether the enterprise’s R & D strate-
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gy is innovation is as to control variable of enterprise development. In terms of 
management system variables, the maintenance cost of the laboratory, the num-
ber of SOP of the enterprise and the number of serious deviations of the enter-
prise are controlled. The values of each factor are shown in Table 1. 

 
Table 1. Definitions and descriptive statistics of variables in this paper. 

Variable Name Symbol Definition Mean 
Standard  
Deviation 

Minimum  
Value 

Maximum  
Value 

Special drugs xsp 
The production of special drugs is 1, 

otherwise it is 0 
0.0605 0.2389 0 1 

Logarithm of enterprise  
output value 

xva 
Check the logarithm of the annual 

output value of the enterprise 
6.7780 3.3519 0 11.71368 

Number of  
employees 

xto Number of employees 33.2326 96.9306 0 1236 

Enterprise development  
strategy for innovation 

xde 
Enterprises adopting r & d innovation 

strategy is 1, otherwise it is 0. 
0.3767 0.4857 0 1 

Lab maintenance  
cost logarithm 

xsys Log lab maintenance costs 2.5396 1.2702 0 6.621406 

Number of enterprise sop xsop Number of sop in the enterprise 613.9070 661.4971 1 5500 

Number of serious  
deviations of enterprises 

xmain 
Number of serious  

deviations of enterprises 
5.0558 19.6646 0 262 

Hardware problems encountered in the 
implementation of GMP 

xhard      

Enterprises never encounter hardware 
problems in implementing GMP 

xhard1 One is yes, and zero is no. 0.2140 0.4111 0 1 

Enterprises rarely encounter hardware 
problems in implementing GMP 

xhard2 One is yes, and zero is no. 0.2837 0.4519 0 1 

Enterprises usually encounter hardware 
problems in implementing GMP 

xhard3 One is yes, and zero is no. 0.3395 0.4747 0 1 

Enterprises often encounter hardware 
problems in implementing GMP 

xhard4 One is yes, and zero is no. 0.1302 0.3373 0 1 

Enterprises always encounter hardware 
problems in implementing GMP 

xhard5 One is yes, and zero is no. 0.0326 0.1779 0 1 

Enterprise’s understanding  
of GMP standard 

xun      

Enterprises have difficulty  
understanding GMP standards 

xun1 One is yes, and zero is no. 0.1255 0.3321 0 1 

Enterprises rarely have  
difficulty understanding GMP standards 

xun2 One is yes, and zero is no. 0.2047 0.4044 0 1 

Enterprises usually have  
difficulty understanding GMP standards 

xun3 One is yes, and zero is no. 0.3721 0.4845 0 1 

Enterprises often have  
difficulty understanding GMP standards 

xun4 One is yes, and zero is no. 0.2698 0.4449 0 1 

Enterprises always have  
difficulty understanding GMP standards 

xun5 One is yes, and zero is no. 0.0279 0.1651 0 1 
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3.2. The Empirical Results 

This paper uses two econometric models to analyze the impact of enterprise size 
on GMP inspection results. OLS regression is used as the basic model. Since the 
inspection results can be divided to yes or no, that is, the dependent variable 
used in this paper is binary variable, we use Logit model as the main econome-
tric model. In the model, enterprise characteristic variables, risk management 
characteristic variables, drug characteristic variables and development characte-
ristic variables are taken as control variables and incorporated into the econo-
metric equation. 

3.2.1. Results of OLS Model  
Table 2 is the basic model results of this paper. As can be seen from the results 
in the table, after controlling the enterprise characteristic variables, risk man-
agement characteristic variables, drug characteristic variables and development 
characteristic variables, the OLS model regression shows that the larger the num-
ber of enterprises, the better the inspection results are. 
 
Table 2. OLS model regression results. 

Variable Name Coef. Std. Dev. T P > |T| 

Special drugs 0.1142 0.1112 1.03 0.3050 

Logarithm of enterprise output value −0.0044 0.0082 −0.54 0.5880 

Number of employees 0.0009** 0.0003 3.01 0.0030 

Enterprise Development  
strategy for innovation 

0.0825 0.0563 1.47 0.1440 

Lab maintenance cost logarithm 0.0329 0.0215 1.53 0.1290 

Number of enterprise sop 0.0000 0.0000 −0.07 0.9410 

Number of serious deviations of enterprises −0.0024 0.0014 −1.7 0.0910 

Enterprises rarely encounter  
hardware problems in implementing GMP 

−0.1056 0.0935 −1.13 0.2600 

Enterprises usually encounter hardware 
problems in implementing GMP 

−0.0788 0.0946 −0.83 0.4060 

Enterprises often encounter  
hardware problems in implementing GMP 

−0.0300 0.1016 −0.3 0.7680 

Enterprises always encounter  
hardware problems in implementing GMP 

−0.3782 0.2070 −1.83 0.0690 

Enterprises rarely have  
difficulty understanding GMP standards 

0.0995 0.0759 1.31 0.1910 

Enterprises usually have  
difficulty understanding GMP standards 

−0.0417 0.0835 −0.5 0.6180 

Enterprises often have  
difficulty understanding GMP standards 

0.0942 0.1025 0.92 0.3590 

Enterprises always have  
difficulty understanding GMP standards 

0.1882 0.1761 1.07 0.2870 

Constant term 0.1073 0.1007 1.07 0.2880 
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3.2.2. Results of Logit Model  
Table 3 shows the Logit model regression results of influencing factors of GMP 
inspection. As can be seen from the results in the table, after controlling the en-
terprise characteristic variables, risk management characteristic variables, drug 
characteristic variables and development characteristic variables, we find that the 
larger the number of enterprises, the better the inspection results are. Compa-
nies with large number of employees are generally large pharmaceutical groups 
with strong strength. The production management process is controlled strictly 
and the production standardization is high. In addition, such enterprises have a 
deeper understanding of GMP and massive human resource to deal with the 
quality supervision of drug production, so that they can produce high-quality 
drugs and thus have higher competitiveness in the drug market. 
 
Table 3. Logit model regression results. 

Variable Name coef. std. dev. z p > |z| 

Special drugs 0.6812 0.7380 0.92 0.3560 

Logarithm of enterprise output value −0.0283 0.0601 −0.47 0.6380 

Number of employees 0.0068 ** 0.0033 2.09 0.0370 

Enterprise Development  
strategy for innovation 

0.6435 0.4180 1.54 0.1240 

Lab maintenance cost logarithm 0.2425 0.1660 1.46 0.1440 

Number of enterprise sop 0.0000 0.0003 −0.03 0.9740 

Number of serious  
deviations of enterprises 

−0.0216 0.0185 −1.17 0.2440 

Enterprises rarely encounter hardware 
problems in implementing GMP 

−0.7887 0.6867 −1.15 0.2510 

Enterprises usually encounter hardware 
problems in implementing GMP 

−0.5228 0.6784 −0.77 0.4410 

Enterprises often encounter hardware 
problems in implementing GMP 

−0.0946 0.7226 −0.13 0.8960 

Enterprises always encounter hardware 
problems in implementing GMP 

−4.1654 3.4052 −1.22 0.2210 

Enterprises rarely have difficulty  
understanding GMP standards 

0.6866 0.5771 1.19 0.2340 

Enterprises usually have difficulty  
understanding GMP standards 

−0.5135 0.7113 −0.72 0.4700 

Enterprises often have difficulty  
understanding GMP standards 

0.5365 0.7659 0.7 0.4840 

Enterprises always have difficulty  
understanding GMP standards 

1.0039 1.3086 0.77 0.4430 

Constant term −2.2222 0.7553 −2.94 0.0030 

https://doi.org/10.4236/jss.2019.73005


J. J. Luo et al. 
 

 

DOI: 10.4236/jss.2019.73005 73 Open Journal of Social Sciences 
 

4. Conclusions 

Although man, machine, material, method, environment, and measurement are 
a widely used analytical tool for drug production quality management, in the 
quality management of drug production, the most important factor, man is the 
first of the six elements and is the concrete executor of other links. What’s more, 
man is also the most difficult link in the process of drug production and man-
agement. Thus, this research focuses on the factor of man. 

The insufficient number of employees will inevitably lead to the insufficient 
quality level of drug production. According to the research results in this paper, 
there is a correlation between the number of employees and GMP inspection 
results. The smaller the number of employees, the lower the level of drug pro-
duction management. This gives us the inspiration that we should first pay at-
tention to the smaller enterprises from the perspective of supervision, increase 
the inspection intensity, and find the products with potential risks. 

Secondly, as for enterprises, they are small in scale and lack of human re-
sources, so they have no way to form a positive cycle and cannot effectively 
manage the production of drugs. After the formation of profitability, enterprises 
should appropriately increase the size, in order to form a favorable positive 
cycle. Considering the market concentration of pharmaceutical enterprises, 
mergers and acquisitions among pharmaceutical enterprises should be encour-
aged, thus, which is beneficial to make the enterprise form scale effect. Through 
this way, the quality management level of drug production can also be improved. 
At the same time, after increasing concentration of pharmaceutical enterprises, 
the enterprise resources can be optimized and integrated to achieve the goal of 
improving drug quality.  

Finally, for large enterprises, due to the high standardization, the frequency of 
inspection should be appropriately reduced when enterprises arrange the inspec-
tion, so as to achieve the best regulatory effect. From the perspective of industry 
self-discipline, larger enterprises should be encouraged to participate in industry 
activities and publicize experience. 
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