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Abstract 

Background 

Pharmaceutical expenditure is currently rising by 16% per annum in China, greater in recent 

years. Initiatives to moderate growth include drug pricing regulations, essential medicine lists 

and encouraging generic prescribing. These are principally concentrated in hospitals, which 

currently account for over 80% of total pharmaceutical expenditure. However, no monitoring 

of prescribing and perverse incentives encouraging physicians and hospitals to profit from 

drug procurement encourages irrational prescribing. This includes greater utilisation of 

originators versus generics as well as injectables when cheaper oral equivalents are available. 

The objective of the paper is to assess changes in proton pump inhibitor (PPI) utilisation and 

expenditure in China as more generics become available including injectables. 

Methods 

Observational retrospective study of PPI utilisation and procured expenditure between 2004 

and 2013 in the largest teaching hospital in Chongqing District as representative of China. 

Results 

Appreciable increase in PPI utilisation during the study period rising 10.4 fold, with 

utilisation of generics rising faster than originators. Oral generics reached 84% of total oral 

preparations in 2013 (defined daily dose basis), with generic injectables 93% of total 

injectables by 2013. Injectables accounted for 42% of total PPI utilisations in 2008 and 2009 

before falling to below 30%. Procured prices for oral preparations reduced over time (−34%). 

Generic oral omeprazole in 2010 was 87% below 2004 originator prices, mirroring reductions 

seen in Western Europe. Injectable prices also decreased over time (−19%). However, 

injectables typically 4.3 to 6.8 fold more expensive than equivalent orals - highest for 

injectable lansoprazole at 13.4 to 18.0 fold. High utilisation of more expensive oral forms as 

well as injectables meant that PPI expenditure increased 10.1 fold during the study period. 

Lower use of injectables, and only oral generic omeprazole, would result in accumulated 

savings of CNY249.65 million, reducing total accumulated expenditure by 84%. 

Conclusions 

Encouraging to see high utilisation of generic PPIs and low prices for oral generics. However, 

considerable opportunities to enhance prescribing efficiency through greater use of oral 

generic omeprazole. 
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Background 

There is increasing scrutiny over pharmaceutical expenditure with growth rates averaging 

50% in real terms among OECD countries during the past decade [1]. This is driven by well-

known factors including changing demographics and new premium priced drugs [2,3]. This 

has resulted in a number of measures and initiatives across countries to moderate growth 

rates, including initiatives for both new and established medicines [4-7]. Reforms and 

initiatives for established drugs principally aim to enhance the utilisation of low cost generics 

versus originators and single sourced (patented) products in a class or related class where all 

products are seen as essentially therapeutically similar. Classes include the proton pump 

inhibitors (PPIs), statins and renin-angiotensin inhibitor drugs, with the latter including both 

angiotensin converting enzyme inhibitors (ACEIs) and angiotensin receptor blockers (ARBs) 

[7-12]. Efficiency savings can be substantial for these classes with prices of generics as low 

as 2% to 10% of pre-patent loss prices in some countries [13-15] .Considerable savings have 

also been achieved among low- and middle income countries from switching originators to 

the lowest-priced generic drugs [16-18]. 

China has also seen considerable increases in pharmaceutical expenditure, growing at over 

16% per annum during the past decade and over 35% per annum in recent years [18-21]. This 

growth is attributable to several factors including urbanization, ageing populations, expansion 

in medical insurance, improvements in living standards and the irrational use of drugs [18]. 

China‟s healthcare system has also experienced a transition from a planned economy to a 

market economy in recent years. Alongside this, the Chinese government has introduced 

different types of health insurance in recent years targeting different populations, with 

coverage reaching over 90% of the population by 2011 [20,22-24] although large disparities 

still exist [25]. The ultimate goal of the authorities in China is universal coverage by 2020 

[22-24,26]. As a result of increased coverage, healthcare expenditure increased from 3.5% to 

5% of GDP between 1995 and 2010, equating to a ten-fold increase in yearly per capita 

spending from US$ 21 to 220 [24]. This further increased to US$350 per year in 2011 [21]. 

Alongside this, the financial support from the Chinese government to public hospitals 

declined steadily in recent years from approximately 60% of hospital revenues in 1980s to 

8.2% by 2003. As a result, pharmaceutical expenditure in hospitals now accounts for 

approximately 40% to 50% of their total income [18,21,27-30], with hospitals necessarily 

using the revenue from drug dispensing for their sustainability [20,24,28,31]. This has caused 

much concern in China regarding difficulties with obtaining medical services and their high 

cost. 

Consequently, the authorities in China have introduced a number of measures in recent years 

to help moderate this growth in an attempt to reduce patients‟ out-of-pocket burden 

expenditure especially for pharmaceuticals [18,19,24,25,32]. To date, these have principally 

concentrated on pharmaceutical prices and expenditure in hospitals since more than 80% of 

total pharmaceutical consumption is currently dispensed in public hospitals in China 

[18,19,33]. For state-priced products, i.e. mainly prescription medicines in the national 

medical insurance catalogue, the National Development and Reform Commission (NDRC) 

sets maximum retail prices (price caps); for province- or municipality-priced products (OTC 

in the national medical insurance catalogue or medicines supplemented in the local insurance 

catalogue), the price management department determines the retail prices; and for all other 

products the retail prices are determined by the manufacturers themselves [18,24,28,34]. For 

instance, the NDRC has implemented 28 price adjustments between 1997 and 2011 

[18,20,35,36]. Medicines in hospitals are subsequently subject to tenders in each province 



and municipality, with each hospital pharmacy having its own product list. This tendering 

process is typically organized by the health administrative department of the provincial 

government as well as for non-profit medical institutions at or above the county level. The 

tendering procurement cycle is typically once yearly and the winner is a mixture of those 

with higher quality, lower price or a mixture of these. Published studies have suggested these 

bidding processes reduced prices of essential medicines by 16.9% between 2009 and 2011 

[24]. However, there are no pricing policies for generics in China unlike measures across 

Europe, which has led to low prices in a number of countries [14,15,37-40]. 

Demand-side measures to contain pharmaceutical expenditure in China‟s hospitals include 

the development of an essential medicine list, clinical guidance and guidelines to enhance the 

rational use of medicines [19-21,24,29,41,42]. There were reforms in 2007 - the „Prescription 

Management Ordinance‟ - specifying that prescriptions should be written by INN. However, 

to date there has been limited enforcement [18,28]. As a result, physicians still tend to write 

prescriptions with the generic (INN) name and simultaneously indicate the brand or 

manufacturer name; alternatively, drugs are listed with the corresponding brand name or 

manufacturer in hospitals‟ IT system [18,43]. 

However, the current incentive system, as well as limited demand-side measures, have 

resulted in considerable irrationality in prescribing despite measures to improve this 

[24,28,34]. This is illustrated by continued appreciable use of injectable drugs in China when 

oral tablets are available as alternatives without the potential for serious complications, e.g. 

antibiotics and steroids [31,34,36,44], greater prescribing of more expensive antibiotics [45] 

as well as considerable prescribing of traditional Chinese medicines (TCMs) with limited 

data on their effectiveness and safety [46]. 

PPIs are seen as standard treatment for a number of conditions including symptomatic 

treatment of gastro-oesophageal reflux disease (GORD), Helicobacter pylori infections and 

associated peptic ulcer disease as well as the management of peptic ulcer bleeding and the 

prevention of recurrent bleeding from peptic ulceration [47]. PPIs are also available as both 

oral tablets and intravenous injections (IV) in China. Oral therapy is seen as highly effective 

[48], similar in effectiveness to IV PPIs at equivalent doses [49]. However, we are aware that 

there may be considerable use of injectable PPIs in China and that generic PPIs will be 

available at lower cost than originators. Consequently, the rationale for evaluating the PPIs in 

China is included in Table 1. 



Table 1 Rationale for the studying PPIs in China [13,14,20,21,36,47,50,51] 

Key Factors • The utilisation of antacids and medicines to prevent and treat ulcers has 

increased rapidly in recent years in China due to their effectiveness, similar to 

other countries 

• There is no appreciable difference therapeutically between the various PPIs, 

and between originator and generic PPIs (provided bioequivalence has been 

demonstrated) 

• Between 2004 and 2013, a range of generic PPIs were included in hospital 

lists in China with a considerable number available for potential procurement 

• Injectable PPIs (originator and generic) are also available at considerably 

higher costs than oral equivalents, and limited medical justification for their 

routine use 

Opportunities • to evaluate generic penetration rates and savings versus originators for both 

oral tablets and injectables 

• to compare and contrast PPI utilisation and expenditure patterns in China with 

those seen among Western European countries, which already provide 

universal and comprehensive healthcare and where multiple policies have been 

successfully introduced to enhance the prescribing of low cost oral generic 

tablets versus originators or patented (single-sourced) PPIs. In the Netherlands, 

combined measures resulted in expenditure for PPIs in 2010 58% below 2000 

levels despite a 3-fold increase in utilisation, and in Scotland multiple measures 

resulted in expenditure on PPIs in 2010 56% below 2001 despite also a 3-fold 

increase in utilisation 

Consequently, the principal objective of this study is to assess changes in PPI utilisation and 

expenditure in China as more generic PPIs are incorporated into hospital procurement lists 

including injectable and orals. Secondary objectives include assessing price reductions for the 

PPIs over time, and comparing the findings with other generics in China as well as Europe. 

Subsequently, suggesting potential future measures that the authorities in China could 

consider as they strive for universal access. This will on the experiences in Europe as they 

continue to strive for universal coverage. 

Methods 

This was an observational retrospective study of prescriptions dispensed over a ten year 

period between 2004 and 2013 [52]. This methodology was chosen since multiple supply- 

and demand-side measures have been introduced during this period in China, some of which 

have been described in the Background, making it difficult to perform an interrupted time 

series analysis. In addition, an appreciable number of generic PPIs are now available in 

China, procured at different times. 

Typically for these types of drug utilisation analysis, data is obtained from health authority, 

health insurance or pharmacy databases [7,50,53,54]. However in China, most drug 

utilisation studies are performed with data from hospitals, including urban healthcare 

facilities with in-patient beds, as they incorporate both inpatient and outpatient data 

[18,31,55]. In addition, as mentioned, they account for 80% of total drugs currently dispensed 

in China [18,33]. This is in view of the convenience of hospital dispensing, physician 

recommendations, possibility of nonstandardized prescriptions and greater assurance of 



pharmaceutical quality in hospitals [28]. Thereby, hospital procurement data is currently the 

most appropriate source of drug utilisation and expenditure data in China [46]. 

Chongqing is a municipality directly under China‟s central government, with a total 

population of 28.8 million people (2010 census). In the urban district in Chongqing City, the 

main public general hospitals include three hospitals affiliated to the Third Military Medical 

University, two hospitals affiliated to Chongqing Medical University, and 10 municipal 

hospitals. Every hospital may include different generic drugs from different manufacturers, 

but with the same originator equivalents as there are only a limited number of originator 

manufacturers [18,56,57]. 

In view of these factors, we chose the largest hospital in Chongqing District to conduct our 

study. This is because it is one of the largest hospitals in Southwest China and is a typical 

health provider to the public, has a wide range of medicines available for prescribing, and can 

provide comprehensive datasets on both utilisation and expenditure. The dataset was obtained 

from the magazine company of China Pharmacy. The company is located in Chongqing and 

is able to collect detailed information of drug procurement from large hospitals in southwest 

China through co-operation with these public hospitals. The data contains all individual 

procurement information including product names, purchase dates, dosage forms, 

specifications, manufacturers, unit prices and volumes. This is an authoritative source for 

drug utilisation statistics in China, which is regularly audited [18,46,56]. 

Six PPIs were available for analysis between 2004 and 2013. These were omeprazole, 

lansoprazole, pantoprazole, rabeprazole, esomeprazole, and ilaprazole (ATC C09CA01 to 09, 

C09DA01 to 05, C09DX01 to 03) [58]. Originator and generic PPIs were procured at 

different times with, as mentioned, an appreciable number of generics typically available for 

procurement. Originator PPIs are referred to as products currently or previously possessing 

intellectual property (patent), most of which are manufactured by joint ventures in China 

founded by global pharmaceutical companies. Generic drugs are those produced by Chinese 

enterprises with local investment. Utilisation was measured in terms of Defined Daily Dose, 

with DDDs defined as „the average maintenance dose of a drug when used in its major 

indication in adults‟, with this measure recognised as the international standard to assess 

utilisation patterns within and between countries [59]. 2012 DDDs were used in line with 

international guidance [59-61]. 

The Chinese currency Renminbi “yuan” (CNY) was used to determine expenditure and 

expenditure/ DDD for PPIs over time. These were not adjusted for inflation or deflation 

during this period as we wanted to compute actual changes over time as a result of the 

tendering process. This mirrors similar studies across Europe, especially where the tendency 

of authorities is to reduce medicine prices to keep pharmaceutical expenditure under control 

[5,7,39,50,53]. We have also not converted CNY data to either US$ or Euros during the 

course of the study as we did not want the pricing data influenced by currency fluctuations 

especially during the recent financial crises in Europe and the US. 

Results 

Utilisation (DDDs basis) and expenditure (CNY) were analysed over time including both 

generics and originators for both oral and injectable PPIs. 



Utilisation 

There was an appreciable increase in the prescribing of PPIs, rising 10.4 fold from just over 

242,000 DDDs in 2004 to 2.51 million in 2013 (Figure 1). The greatest increase (15.7 fold) 

was seen with the injectable PPIs. At one stage (2008 and 2009), injectable PPIs accounted 

for 42% of total PPI utilisation before falling to below 30% in recent years (Figure 1). 

Figure 1 Utilisation of oral and injectable PPIs (in DDDs) between 2004 and 2013 in the 

Chongqing hospital. 

Utilisation of oral generic PPIs grew at a faster rate than oral originators (Figure 1). As a 

result, the % of total oral generic PPIs grew from 64% in 2004 (DDD basis) to between 82% 

and 87% between 2007 and 2013. There was also greater growth for generic versus originator 

injectable PPIs, growing from 46% of total injectables in 2004 to 93% between 2011 and 

2013 (DDD based). 

The utilisation of all forms of lansoprazole (originator and generic, oral and injectable) grew 

28.4 fold during the course of the study compared with 13.3 fold for rabeprazole, 9.7 fold for 

pantoprazole and 3.1 fold for omeprazole. The growth of lansoprazole was especially strong 

after the launch of generic injectable lansoprazole in 2010 (Figure 2). The decline in the 

utilisation of pantoprazole from 2010 onwards was due to falling utilisation of generic 

injectable pantoprazole. Generic omeprazole had not been procured since July 2010, with the 

utilisation of generic injectable omeprazole declining from 2010 onwards, Both factors to the 

lower utilisation of omeprazole in recent years (Figure 2). 

Figure 2 Total utilisation of the different PPIs (all formulations) in the Chongqing 

hospital from 2004 to 2013. 

Expenditure 

Total PPI expenditure increased steadily during the study period, rising 10.1 fold from just 

over 5.6 million CNY in 2004 to 56.7million CNY in 2013. Growth in expenditure on 

injectable PPIs was greater than for oral PPIs, with expenditure on injectable PPIs increasing 

from 57% of total injectable PPI expenditure in 2004 to 71% to 74% between 2008 and 2013 

(Figure 3). There was a variable contribution of generic oral PPIs to total oral PPI 

expenditure (Figure 3), reaching a maximum of 80% in 2008. However, there was steady 

growth in the contribution of generic injectable PPIs to total expenditure on injectable PPIs, 

reaching between 90% and 91% of total injectable PPI expenditure between 2011 and 2013 

(Figure 3). 

Figure 3 Expenditure (CNY) of oral and injectable PPIs between 2004 and 2013 in the 

Chongqing hospital. 

The greatest increase in expenditure was observed with lansoprazole at approximately 160 

fold, least for omeprazole (1.8 fold) (Figure 4). This reflects increased utilisation of injectable 

lansoprazole in recent years (Figure 2), with injectable PPIs overall typically 4.2 to 6.8 fold 

more expensive (CNY/ DDD) than their equivalent oral formulations (Table 2). This 

difference is greater for injectable lansoprazole at 13.4 to 18.0 fold higher than the equivalent 

oral formulation between 2010 and 2013 (Table 2). 



Figure 4 Total expenditure (CNY) of the different PPIs (all formulations) in the 

Chongqing hospital from 2004 to 2013. 



Table 2 Procured expenditure/ DDD (CNY) for the different PPIs (generic and originator) in the Chongqing hospital from 2004 to 2013 

PPIs Dosage form 2004 2005 2006 2007 2008 2009 2010 2011 2012 2013 % change overtime 

Omeprazole Generic Oral 4.15 4.11 3.42 3.27 3.27 3.03 1.85    −55% 

Omeprazole Generic Injection 38.89 34.29 27.16 27.87 27.25 28.09 29.75 29.41 22.91 14.50 −63% 

Omeprazole Originator Oral 14.19 13.87 12.16 12.11 11.86 11.85 11.70 11.58 11.85 11.83 −17% 

Omeprazole Originator Injection 73.21 70.61 65.30 64.65 62.18 62.18 61.28 60.77 56.42 45.32 −38% 

Lansoprazole Generic Oral  9.92 8.33 7.69 7.79 8.10 8.21 6.88 5.74 5.17  

Lansoprazole Generic Injection       110.00 104.11 96.30 93.04  

Pantoprazole Generic Oral 9.86 9.68 8.91 8.44 8.64 8.81 8.83 7.54 6.10 5.22 −47% 

Pantoprazole Generic Injection 92.15 76.74 63.24 58.68 55.31 54.05 53.72 34.13 27.51 21.68 −76% 

Pantoprazole Originator Injection         109.67 108.69  

Rabeprazole Generic Oral 11.99 12.74 15.28 11.50 10.29 10.23 10.11 9.32 8.25 7.78 −35% 

Rabeprazole Originator Oral 33.94 33.15 30.59 31.50 30.37 30.37     −100% 

Esomeprazole Originator Oral 14.08 15.20 13.23 13.72 13.73 12.88 13.20 13.60 12.80 12.64 −10% 

Esomeprazole Originator Injection     93.00 93.00 93.00 93.00 91.65 90.65  

Ilaprazole Originator Oral       32.83 32.34 32.22 32.22  

Total oral  12.35 11.91 11.60 10.43 9.84 9.74 9.98 9.24 8.12 8.16 −34% 

Total injectable  68.81 64.56 50.97 49.18 41.22 40.84 42.54 47.39 53.07 55.40 −19% 

Differences between injectable and oral (fold)  5.6 5.4 4.4 4.7 4.2 4.2 4.3 5.1 6.5 6.8  

NB - % change over time typically refers to 2013 vs. 2004. However, this can vary depending when the different formulations were first procured. Blank cells mean no PPI available. Fold = 

times, e.g. total injectable PPIs in 2004 were 5.6 times more expensive per item than the equivalent oral preparations (DDD based). 



There were price reductions for the various PPI formulations over time (Table 2). Overall, 

price reductions were greater for the oral formulations combined (−34%) than for the 

injectable formulations combined (−19%). However, the percentage reduction over time was 

different between the different PPIs as well as their different formulations (Table 2). 

Generally the procured price reductions were greater for generic formulations of the various 

PPIs than for the originator formulations (Table 2). 

The procured price for generic oral omeprazole in 2010 was 87% below the originator price 

in 2004 (expenditure/ DDD), with the price of generic injectable omeprazole in 2013 80% 

below the 2004 originator price. Generic oral rabeprazole in 2013 was 77% below 2004 

originator oral rabeprazole (Table 2). 

Discussion 

There was appreciable growth in the utilisation of both oral and injectable PPIs in the 

Chongqing district between 2004 and 2013, similar to the appreciable increase in the 

utilisation of oral PPIs among Western European countries during this period [13,14,50]. 

It was encouraging to see appreciable utilisation of generic oral PPIs, averaging over 80% of 

total PPIs on a DDD basis since 2007 (Figure 1). This is similar to the high rate of utilisation 

of generic vs. originator and patented (single-sourced) PPIs in the Netherlands, Scotland and 

Sweden [13,14,50]. The high utilisation of oral generic PPIs is enhanced by some originator 

companies not being part of hospital procurement process and/ or withdrawing from the 

hospital procurement, e.g. lansoprazole or pantoprazole (Table 2). However, there were no 

generic esomeprazole or ilaprazole during the study period (Table 2). This is in marked 

contrast to the situation seen with oral generic drugs for cardiovascular diseases in the 

Chongqing District including the ARBs and statins [18,46,56]. 

We believe these differences between the various product classes could be attributable to a 

number of reasons. Firstly, diseases of the cardiovascular system are seen as having greater 

importance in China compared with acid-related stomach disorders, and originator medicines 

are thought to have a more consistent effect in treating cardiovascular diseases than generics. 

Secondly, there are few local traditional Chinese medicines to treat peptic ulcer diseases 

unlike cardiovascular and cerebrovascular diseases [46]; consequently, domestic generic oral 

manufacturers have less competition. Lastly, it is believed some physicians think that 

doubling the dose of oral generic PPIs could lead to the same effectiveness as the originators 

at the standard dose, and this is acceptable in this situation. This contrasts with concerns 

among physicians with doubling doses for pharmacological treatments for cardiovascular 

diseases. However, we cannot say this with certainty without further research. 

It was also encouraging to see the prices of generic oral PPIs reduce appreciably over time 

(Table 2). This is similar to the situation for generic simvastatin in China [57] as well as 

among Western European countries including the Netherlands, Sweden and the UK [13-15]. 

In addition, the procured price of generic omeprazole in 2010 was 87% below the 2004 

originator procurement prices, matching the price reductions seen among Western European 

countries for generic omeprazole [13-15] as well as generic simvastatin in China [57]. 

However, there was variable use of the different oral and injectable PPIs suggesting 

continued irrationality in prescribing. The most utilised PPI was rabeprazole (DDDs basis), 



which had the highest expenditure/DDD for both the originator (when procured) and the 

generic versus the other oral PPIs (Table 2). In addition, generic oral omeprazole disappeared 

from the procurement list since July 2010 and at the time of its disappearance it had the 

lowest procured price (Table 2). There was also growing use of premium priced 

esomeprazole and ilaprazole, once available (Figure 2 and Table 2). 

Furthermore, there was appreciable utilisation of injectable PPIs (Figure 2), reaching a 

maximum of 41% to 42% of total PPI utilisation (DDD based) between 2008 and 2010 before 

reducing to under 30% in 2013. This utilisation is considerably higher than the WHO 

guidelines for injections among developing countries [36,44], and appreciably higher than 

suggested limited use generally given the effectiveness of oral PPIs [49]. We believe this 

high utilisation is driven by considerably higher expenditure for injectable versus oral PPIs, 

averaging 4.3 to 6.8 fold or greater in recent years, especially lansoprazole injectable (Table 

2), given the pressure on hospitals and physicians to make money from drug dispensing 

discussed earlier. This hypothesis is endorsed by a recent study which showed more 

appropriate use of injectables in China versus oral tablets, in line with WHO 

recommendations, once the procurement incentives had been removed coupled with 

programmes to enhance the rational use of medicines [36]. 

Consequently, there appears to be considerable opportunities to enhance the efficient use of 

PPIs in China to conserve resources without compromising care. This includes enhancing the 

utilisation of low cost oral generics versus originators and existing single sourced products, 

e.g. esomeprazole and ilaprazole, as well as oral versus injectable PPIs. Restricting hospital 

procurement to just one oral PPI, i.e. generic omeprazole, following similar initiatives among 

European countries and regions, e.g. the „Wise List‟ in Stockholm Metropolitan Healthcare 

Region [62,63], and assuming its procured price in 2010 continued to the end of the study 

(Table 2) as well as limiting the utilisation of injectable generic PPIs to just 5% of total PPIs 

– generic omeprazole (cheapest) - at its procured price each year, would have saved an 

accumulated estimated CNY249.65 million for this hospital during the study period. This 

amounts to 84% of total accumulated PPI expenditure. 

However, future demand-side measures are likely to have only limited success unless the 

current incentives encouraging physicians and hospitals to prescribe and dispense premium 

priced products including injectables are addressed. This is already happening as seen with 

recent initiatives among rural populations and public primary care providers in China to 

improve patient coverage, improve the provision of community health organisations, as well 

as enhance the rational use of medicines, which includes a 0% mark-up for public primary 

care providers [36,46,64]. In addition, pilot studies of different methods across China 

including remunerating providers, separating revenues from expenditures as seen among 

urban community health centers in Beijing, Chengdu and Hangzhou, collective bidding as 

well as implementing standard clinical treatment pathways [20]. These initiatives must 

continue helping to further reduce the utilization of injectable PPIs over time, building on 

recent changes. 

Once these measures are underway, introducing concepts such as the „Wise List‟ which limit 

the prescribing of medicines in classes and disease areas to those with the most robust data on 

effectiveness and safety as well as available prices [62] throughout the hospitals in the 

Chongqing District, along with continuous medical education and strengthening of hospital 

DTCs, should further enhance the quality and efficiency of prescribing [63]. This could 

provide an example to other provinces and municipalities throughout China as they grapple 



with similar issues to improve the rationality and efficiency of their prescribing. This though 

will require strong leadership to achieve this, including instigating quality measures and 

involving prescribers [65]; however, the potential economic benefits are considerable. 

Finally, we acknowledge this research is subject to limitations. These include the fact that 

data collection was from just one region and one hospital. However, we believe these 

findings are generalizable to other drug classes and other hospitals in China based on the 

merits of our methodology as well as the realities of current regulations and tendering 

systems in China. We have also not looked at the appropriateness of prescribing for PPIs with 

growing concerns with their overprescribing [66]. There are also concerns with the side-

effects of long-term use, i.e. an increase in infection rates including hospital and community-

acquired pneumonia as well as osteoporosis, which can result in increased fracture rates [67-

71]. However, this is difficult without access to the patient records. 

Conclusions 

We believe we have demonstrated that despite recent measures there is still considerable 

irrationality in prescribing in China especially around the high utilisation of injectable PPIs. 

There are also considerable opportunities to conserve resources without compromising care. 

Proposed measures include initiatives to enhance the rational use of medicines building on 

current pilot programmes as well as programmes among primary healthcare institutions in 

China. 

Competing interests 

The authors declare that they have no competing interests. 

Authors’ contributions 

WZ undertook the principal analysis of the drug utilisation and expenditure data aided by 

BG. WZ and BG devised the concept for the paper and wrote the first draft. They also 

undertook successive re-writes based on feedback from the other co-authors. SS provided 

input on the PPIs based on her medical experience and critiqued successive drafts of the 

paper. AEF and WdB undertook critiques of successive drafts based on their knowledge and 

experience. All authors read and approved the final manuscript. 

Acknowledgements 

The authors thank the publishing company of the Journal of China Pharmacy for providing us 

with the datasets used in this study. 

Part of the analysis and writing of this paper was supported by a grant from Karolinska 

Institutet. There are no additional funding sources. 



References 

1. OECD. OECD, Health at a Glance 2011: OECD Indicators. Available at URL: 

http://www.oecdilibrary.org/docserver/download/fulltext/8111101ec063.pdf?expires=134328

1688&id=id&accname=guest&checksum=4D4F46B30255998AA81601571E18EE8F 

2. Mousnad MA, Shafie AA, Ibrahim MI. Systematic review of factors affecting 

pharmaceutical expenditures. Health Policy. 2014;116(2–3):137–46. 

3. Garattini S, Bertele V, Godman B, Haycox A, Wettermark B, Gustafsson LL. Enhancing 

the rational use of new medicines across European health care systems. Eur J Clin Pharmacol. 

2008;64(12):1137–8. 

4. Vogler S, Zimmermann N, Habl C. Understanding the components of pharmaceutical 

expenditure - overview of pharmaceutical policies influencing expenditure across European 

countries. GaBi J. 2013;2(3):178–87. 

5. Vogler S, Zimmermann N, Leopold C, de Joncheere K. Pharmaceutical policies in 

European countries in response to the global financial crisis. South Med Rev. 2011;4(2):69–

79. 

6. Malmstrom RE, Godman BB, Diogene E, Baumgartel C, Bennie M, Bishop I, et al. 

Dabigatran - a case history demonstrating the need for comprehensive approaches to optimize 

the use of new drugs. Front Pharmacol. 2013;4:39. 

7. Godman B, Wettermark B, van Woerkom M, Fraeyman J, Alvarez-Madrazo S, Berg C, et 

al. Multiple policies to enhance prescribing efficiency for established medicines in Europe 

with a particular focus on demand-side measures: findings and future implications. Front 

Pharmacol. 2014;5:106. 

8. Weng TC, Yang YH, Lin SJ, Tai SH. A systematic review and meta-analysis on the 

therapeutic equivalence of statins. J Clin Pharm Ther. 2010;35(2):139–51. 

9. Usher-Smith J, Ramsbottom T, Pearmain H, Kirby M. Evaluation of the clinical outcomes 

of switching patients from atorvastatin to simvastatin and losartan to candesartan in a primary 

care setting: 2 years on. Int J Clin Pract. 2008;62(3):480–4. 

10. Sakshaug S, Furu K, Karlstad O, Ronning M, Skurtveit S. Switching statins in Norway 

after new reimbursement policy: a nationwide prescription study. Br J Clin Pharmacol. 

2007;64(4):476–81. 

11. Moon J, Godman B, Petzold M, Alvarez-Madrazo S, Bennett K, Bishop I, et al. Different 

initiatives across Europe to enhance losartan utilisation post generics: impact and 

implications. Front Pharmacol. 2014;5(Article 219):1–10. 

12. Martikainen JE, Saastamoinen LK, Korhonen MJ, Enlund H, Helin-Salmivaara A. Impact 

of restricted reimbursement on the use of statins in Finland: a register-based study. Med Care. 

2010;48(9):761–6. 



13. Godman B, Bishop I, Finlayson AE, Campbell S, Kwon HY, Bennie M. Reforms and 

initiatives in Scotland in recent years to encourage the prescribing of generic drugs, their 

influence and implications for other countries. Expert Rev Pharmacoecon Outcomes Res. 

2013;13(4):469–82. 

14. Woerkom M, Piepenbrink H, Godman B, Metz J, Campbell S, Bennie M, et al. Ongoing 

measures to enhance the efficiency of prescribing of proton pump inhibitors and statins in 

The Netherlands: influence and future implications. J Comp Eff Res. 2012;1(6):527–38. 

15. Godman B, Wettermark B, Hoffmann M, Andersson K, Haycox A, Gustafsson LL. 

Multifaceted national and regional drug reforms and initiatives in ambulatory care in Sweden: 

global relevance. Expert Rev Pharmacoecon Outcomes Res. 2009;9(1):65–83. 

16. Kaplan WA, Ritz LS, Vitello M, Wirtz VJ. Policies to promote use of generic medicines 

in low and middle income countries: a review of published literature, 2000–2010. Health 

Policy. 2012;106(3):211–24. 

17. Cameron A, Ewen M, Ross-Degnan D, Ball D, Laing R. Medicine prices, availability, 

and affordability in 36 developing and middle-income countries: a secondary analysis. 

Lancet. 2009;373(9659):240–9. 

18. Zeng W. A price and use comparison of generic versus originator cardiovascular 

medicines: a hospital study in Chongqing, China. BMC Health Serv Res. 2013;13(1):390. 

19. Lu C, Ross-Degnan D, Stephens P, Liu B, Wagner A. Changes in use of antidiabetic 

medications following price regulations in China (1999–2009). JPHSR. 2013;4:3–11. 

20. Tang S, Tao J, Bekedam H. Controlling cost escalation of healthcare: making universal 

health coverage sustainable in China. BMC Public Health. 2012;12 Suppl 1:S8. 

21. Daemmrich A, Mohanty A. Healthcare reform in the United States and China: 

pharmaceutical market implications. J Pharm Policy Pract. 2014;7(1):9. 

22. Li X, Zhang W. The impacts of health insurance on health care utilization among the 

older people in China. Soc Sci Med. 2013;85:59–65. 

23. Meng Q, Xu L, Zhang Y, Qian J, Cai M, Xin Y, et al. Trends in access to health services 

and financial protection in China between 2003 and 2011: a cross-sectional study. Lancet. 

2012;379(9818):805–14. 

24. Barber SL, Huang B, Santoso B, Laing R, Paris V, Wu C. The reform of the essential 

medicines system in China: a comprehensive approach to universal coverage. J Glob Health. 

2013;3(1):010303. 

25. Wang XQ, Chen PJ. Population ageing challenges health care in China. Lancet. 

2014;383(9920):870. 

26. Ling RE, Liu F, Lu XQ, Wang W. Emerging issues in public health: a perspective on 

China‟s healthcare system. Public Health. 2011;125(1):9–14. 



27. National Health and Family Planning Commission of China. China Health Statistics 

Annuals 2011. Available at URL: 

http://wsb.moh.gov.cn/htmlfiles/zwgkzt/ptjnj/year2011/index2011.html. 

28. Sun Q, Santoro MA, Meng Q, Liu C, Eggleston K. Pharmaceutical policy in China. 

Health Aff. 2008;27(4):1042–50. 

29. Chen Y, Schweitzer SO. Issues in drug pricing, reimbursement, and access in China with 

references to other Asia-Pacific region. Value Health. 2008;11 Suppl 1:S124–9. 

30. Wagstaff A, Lindelow M. Can insurance increase financial risk? The curious case of 

health insurance in China. J Health Econ. 2008;27(4):990–1005. 

31. Li Y, Xu J, Wang F, Wang B, Liu L, Hou W, et al. Overprescribing in China, driven by 

financial incentives, results in very high use of antibiotics, injections, and corticosteroids. 

Health Aff (Millwood). 2012;31(5):1075–82. 

32. Yang G, Wang Y, Zeng Y, Gao GF, Liang X, Zhou M, et al. Rapid health transition in 

China, 1990–2010: findings from the global burden of disease study 2010. Lancet. 

2013;381(9882):1987–2015. 

33. Yu X, Li C, Shi Y, Yu M. Pharmaceutical supply chain in China: current issues and 

implications for health system reform. Health Policy. 2010;97(1):8–15. 

34. Mao W, Tang S, Chen W. Does perverse economic incentive lead to the irrational uses of 

medicines? Expert Rev Pharmacoecon Outcomes Res. 2013;13(6):693–6. 

35. Tao T, Xu C, Hu M, Liao W, Jiang X. Analysis of Chinese pharmaceutical price policy 

from 1997 to 2011. Chin J Health Policy. 2011;4:46–52. 

36. Tang Y, Zhang X, Yang C, Yang L, Wang H, Zhang X. Application of propensity scores 

to estimate the association between government subsidy and injection use in primary health 

care institutions in China. BMC Health Serv Res. 2013;13:183. 

37. Dylst P, Vulto A, Godman B, Simoens S. Generic medicines: solutions for a sustainable 

drug market? Appl Health Econ Health Policy. 2013;11(5):437–43. 

38. Dylst P, Vulto A, Simoens S. Analysis of European policy towards generic medicines. 

GaBi J. 2014;3(1):34–5. 

39. Godman B, Shrank W, Andersen M, Berg C, Bishop I, Burkhardt T, et al. Policies to 

enhance prescribing efficiency in europe: findings and future implications. Front Pharmacol. 

2010;1:141. 

40. Simoens S. A reviewof genericmedicine pricing in Europe. GaBI. 2012;1(1):8–12. 

41. Yinan B. Radical treatment for healthcare. China Daily. 2010. Available at URL: 

www.chinadaily.com.cn/china/2010-09/16/content_11309825.htm 



42. Meng Q, Cheng G, Silver L, Sun X, Rehnberg C, Tomson G. The impact of China‟s retail 

drug price control policy on hospital expenditures: a case study in two Shandong hospitals. 

Health Policy Plan. 2005;20(3):185–96. 

43. Sun J. International experiences of promoting generics use and its implications to China. J 

Evid Based Med. 2013;6(2):74–80. 

44. Jiang Q, Yu BN, Ying G, Liao J, Gan H, Blanchard J, et al. Outpatient prescription 

practices in rural township health centers in Sichuan Province, China. BMC Health Serv Res. 

2012;12:324. 

45. Chen C, Dong W, Shen JJ, Cochran C, Wang Y, Hao M. Is the prescribing behavior of 

Chinese physicians driven by financial incentives? Soc Sci Med (1982). 2014;120c:40–8. 

46. Zeng W, Zhen J, Feng M, Campbell SM, Finlayson AE, Godman B. Analysis of the 

influence of recent reforms in China: cardiovascular and cerebrovascular medicines as a case 

history to provide future direction. J Comp Eff Res. 2014;3(4):371–86. 

47. McKeage K, Blick SK, Croxtall JD, Lyseng-Williamson KA, Keating GM. 

Esomeprazole: a review of its use in the management of gastric acid-related diseases in 

adults. Drugs. 2008;68(11):1571–607. 

48. Barkun AN, Bardou M, Kuipers EJ, Sung J, Hunt RH, Martel M, et al. International 

consensus recommendations on the management of patients with nonvariceal upper 

gastrointestinal bleeding. Ann Intern Med. 2010;152(2):101–13. 

49. Armstrong D. Intravenous proton pump inhibitor therapy: a rationale for use. Rev 

Gastroenterol Disord. 2005;5 Suppl 2:S18–30. 

50. Godman B, Shrank W, Andersen M, Berg C, Bishop I, Burkhardt T, et al. Comparing 

policies to enhance prescribing efficiency in Europe through increasing generic utilization: 

changes seen and global implications. Expert Rev Pharmacoecon Outcomes Res. 

2010;10(6):707–22. 

51. Jin S, Zeng Y, Du L, Huang K. Analysis of the drug use in 34 hospitals of Chongqing 

area from 2009 to 2011. China Pharm. 2013;24(18):1643–7. 

52. Grimshaw J, Campbell M, Eccles M, Steen N. Experimental and quasi-experimental 

designs for evaluating guideline implementation strategies. Fam Pract. 2000;17 Suppl 1:S11–

6. 

53. Voncina L, Strizrep T, Godman B, Bennie M, Bishop I, Campbell S, et al. Influence of 

demand-side measures to enhance renin-angiotensin prescribing efficiency in Europe: 

implications for the future. Expert Rev Pharmacoecon Outcomes Res. 2011;11(4):469–79. 

54. Godman B, Petzold M, Bennett K, Bennie M, Bucsics A, Finlayson AE, et al. Can 

authorities appreciably enhance the prescribing of oral generic risperidone to conserve 

resources?: Findings from across Europe and their implications. BMC Med. 2014;12(1):98. 



55. Teng L, Xin HW, Blix HS, Tsutani K. Review of the use of defined daily dose concept in 

drug utilisation research in China. Pharmacoepidemiol Drug Saf. 2012;21(10):1118–24. 

56. Zeng W, Gustafsson LL, Bennie M, Finlayson AE, Godman B. Review of ongoing 

initiatives to improve prescribing efficiency in China; angiotensin receptor blockers as a case 

history. Exp Review Pharmacoecon Outcomes Res. 2014:1–13 [EPub ahead of print] 

57. Zeng W, Xi H, Godman B, Finlayson AE, Malmstrom RE. Ongoing initiatives to improve 

prescribing efficiency in China; statins as a case history. GaBi J. 2014;3(3):122–32. 

58. WHO Collaborating Centre for Drug Statistics Methodology. ATC / DDD index 2013. 

WHO, Oslo. Available at URL:http://www.whocc.no/atc_ddd_index/. 

59. World Health Organisation. Introduction to Drug Utilisation Research. WHO 

International Working Group for Drug Statistics Methodology, WHO Collaborating Centre 

for Drug Statistics Methodology, WHO Collaborating Centre for Drug Utilization Research 

and Clinical Pharmacological Services. ISBN 92 4 156234 X (NLM classification: WB 330). 

Available at URL: 

http://www.who.int/medicines/areas/quality_safety/safety_efficacy/Drug%20utilization%20r

esearch.pdf. 

60. Ronning M, Blix HS, Harbo BT, Strom H. Different versions of the anatomical 

therapeutic chemical classification system and the defined daily dose–are drug utilisation data 

comparable? Eur J Clin Pharmacol. 2000;56(9–10):723–7. 

61. Vlahovic-Palcevski V, Gantumur M, Radosevic N, Palcevski G, Vander Stichele R. 

Coping with changes in the defined daily dose in a longitudinal drug consumption database. 

Pharm World Sci. 2010;32(2):125–9. 

62. Gustafsson LL, Wettermark B, Godman B, Andersen-Karlsson E, Bergman U, 

Hasselstrom J. The „wise list‟- a comprehensive concept to select, communicate and achieve 

adherence to recommendations of essential drugs in ambulatory care in Stockholm. Basic 

Clin Pharmacol Toxicol. 2011;108(4):224–33. 

63. Bjorkhem-Bergman L, Andersen-Karlsson E, Laing R, Diogene E, Melien O, Jirlow M, et 

al. Interface management of pharmacotherapy. Joint hospital and primary care drug 

recommendations. Eur J Clin Pharmacol. 2013;69 Suppl 1:73–8. 

64. Wang H, Gusmano MK, Cao Q. An evaluation of the policy on community health 

organizations in China: will the priority of new healthcare reform in China be a success? 

Health Policy. 2011;99(1):37–43. 

65. Kardakis T, Tomson G, Wettermark B, Brommels M, Godman B, Bastholm-Rahmner P: 

The establishment and expansion of an innovative centre for rational pharmacotherapy-

determinants and challenges. Int J Health Plann Manage 2013. Epub ahead of print 

66. LA Forgacs I. Overprescribing proton pump ihhibitors: Is expensive and not evidence 

based (Editorial). BMJ. 2008;336:2–3. 



67. de Jager CP, Wever PC, Gemen EF, van Oijen MG, van Gageldonk-Lafeber AB, 

Siersema PD, et al. Proton pump inhibitor therapy predisposes to community-acquired 

Streptococcus pneumoniae pneumonia. Aliment Pharmacol Ther. 2012;36(10):941–9. 

68. Eom CS, Jeon CY, Lim JW, Cho EG, Park SM, Lee KS. Use of acid-suppressive drugs 

and risk of pneumonia: a systematic review and meta-analysis. CMAJ. 2011;183(3):310–9. 

69. Gray SL, LaCroix AZ, Larson J, Robbins J, Cauley JA, Manson JE, et al. Proton pump 

inhibitor use, hip fracture, and change in bone mineral density in postmenopausal women: 

results from the women‟s health initiative. Arch Intern Med. 2010;170(9):765–71. 

70. Ding J, Heller DA, Ahern FM, Brown TV. The relationship between proton pump 

inhibitor adherence and fracture risk in the elderly. Calcif Tissue Int. 2014;94(6):597–607. 

71. Eom CS, Park SM, Myung SK, Yun JM, Ahn JS. Use of acid-suppressive drugs and risk 

of fracture: a meta-analysis of observational studies. Ann Fam Med. 2011;9(3):257–67. 










	12913_2014_638_Formatted.pdf
	s12913-014-0638-6fmc1.eps
	s12913-014-0638-6fmc2.eps
	s12913-014-0638-6fmc3.eps
	s12913-014-0638-6fmc4.eps

