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AbstrACt
Objective China has undertaken several initiatives to 
improve the accessibility of safe and effective medicines 
for children. The aim was to determine the availability, 
price and affordability of essential medicines for children.
Design Cross-sectional survey.
setting Six cities of Jiangsu Province, China.
Participants 30 public hospitals and 30 retail 
pharmacies.
Primary and secondary outcome measures The WHO/
Health Action International standardised methodology 
was used to collect the availability and price data for 
40 essential medicines for children. Availability was 
measured as the percentage of drug outlets per sector 
where the individual medicine was found on the day of 
data collection, and prices were measured as median price 
ratios (MPRs). Affordability was measured as the number 
of days’ wages required for the lowest paid unskilled 
government worker to purchase standard treatments for 
common conditions.
results The mean availabilities of originator brands 
(OBs) and lowest priced generics (LPGs) were 7.5% and 
34.2% in the public sector and 8.9% and 29.4% in the 
private sector. The median MPRs of LPGs in both sectors 
ranged from 1.41 to 2.12 and 1.10 to 2.24, respectively. 
However, the patient prices of OBs far exceeded the critical 
level in both sectors, with median MPRs ranging from 
2.47 to 8.22. More than half of these LPGs were priced 
at 1.5 times their international reference prices in the 
public sector. Most LPGs were affordable for treatment of 
common conditions in both public and private sectors, as 
they each cost less than the daily wage for the lowest paid 
unskilled government worker.
Conclusions Access to essential medicines for children is 
hampered by low availability. Further measures to enhance 
access to paediatric essential medicines should be taken, 
such as developing a national essential medicine list for 
children and mobilising the enthusiasm of pharmaceutical 
firms to develop and manufacture paediatric medicines.

IntrODuCtIOn 
Access to healthcare, including essential medi-
cines, is a fundamental human right.1 Specif-
ically, essential medicines are the backbone 

of healthcare, which can satisfy the priority 
healthcare needs of the population.2–4 Equi-
table access to essential medicines is one of 
the millennium development goals of the 
United Nations.1 However, data from some 
surveys in developing countries have shown 
that the availability of essential medicines, 
particularly for children, is generally low 
and that the medicines are unaffordable.5–8 
Less access to essential medicines has been 
a significant global public health issue. The 
WHO has estimated that at least one-third of 
the world’s population does not have regular 
access to essential medicines,9 and the chal-
lenges of poor access are also common for 
children.6 8 10 The reasons for the lack of 

strengths and limitations of this study

 ► The use of a previously validated WHO/Health Action 
International methodology allows for the measure-
ment of medicine prices and availability in a reliable 
and standardised way.

 ► Utilisation of international reference prices in this 
study can allow for valid international comparisons 
between China and other countries.

 ► The data refer to the availability of a given medi-
cine in a particular dosage form and strength on 
the day of data collection at each outlet in six cities 
of Jiangsu Province. This cross-sectional study is 
unable to reflect the average monthly, quarterly or 
yearly availability of medicines at individual outlets.

 ► Due to the limitation of suitable dosage forms on the 
National Essential Medicines List, only medicines 
having international reference prices were selected 
as survey objects and compared with those in oth-
er countries, which gave rise to a lack of oral liquid 
dosage forms in the survey list.

 ► The treatment affordability of three common pae-
diatric conditions was calculated by using the cost 
of tablets or capsules, which may have caused bias 
in estimating the affordability of standard treatment 
regiments.
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access to paediatric essential medicines can include the 
absence of sustainable financing and efficient supply 
systems, no regulated medicines, irrational selection and 
use of medicines or out-of-pocket payments that make the 
prices unaffordable.2 11 12 Importantly, one of the reasons 
is that the essential medicines are rarely found in public 
hospitals and retail pharmacies in the recommended 
dosages and formulations for children.10 13 

It is estimated that 5.9 million children under 5 years 
of age died in 2015, with a global under-five mortality 
rate of 42.5 per 1000 live births. Levels of child mortality 
are higher in developing countries. Moreover, leading 
causes of child death in the postneonatal period were 
pneumonia, diarrhoea, injuries and malaria.14 Essential 
medicines for children can save lives and improve child 
health when they are available, affordable, of assured 
quality and properly used. To escalate the accessibility 
of essential medicines for children, the WHO published 
the first WHO Model List of Essential Medicines for Chil-
dren (WHO EMLc) and launched the ‘Make Medicines 
Child Size’ effort in December of 2007 (WHO EMLc). 
The WHO EMLc highlights the most critical medicines 
for paediatric patients, which are intended for use by chil-
dren up to 12 years of age.15 The WHO EMLc has been 
updated every 2 years since 2007. Six editions of the WHO 
EMLc have been published between 2007 and 2017.

As in many developing countries, lack of access to paedi-
atric essential medicines has caused growing concern in 
China. Since 2009, the central government officially has 
taken a series of measures to establish the National Essen-
tial Medicine System (NEMS) to meet the public’s basic 
healthcare needs. Based on the WHO model list of essen-
tial medicines, the National Health Commission of China 
(NHC) launched the first Chinese National Essential 
Medicines List (NEML) in August 2009,16 which included 
307 Western and Chinese medications. In 2012, the 
second NEML was released by the NHC, which included 
approximately 130 medicines for children and 70 formu-
lations and specifications indicated for paediatric use.6 
The NEMS requires that only essential medicines should 
be stocked and dispensed in the public primary health-
care institutions. The secondary and tertiary hospitals 
and private hospitals should provide essential medicines 
as priority drugs for patients.

Despite this NHC initiative, China is still confronted 
with low access to paediatric essential medicines. Most 
medicines on the NEML are suitable for adults, which do 
not sufficiently satisfy paediatric patients’ basic medical 
needs,6 and the formulations, strengths and dosage 
forms suitable for children are still in short supply in the 
healthcare facilities. The medicines for children account 
for only 2% of the total medicines available. Moreover, 
there is still no list of essential medicines for children. 
In 2016, the Chinese central government announced 
the relaxation of its one-child policy to encourage births. 
It is estimated that the fertility rate of childbearing-age 
women will start to increase. The public demand for safe, 
effective and quality paediatric essential medicines is 

growing. Therefore, the government should take targeted 
measures to improve medicine access to children to solve 
the problems.

A vital first step to improving essential medicine access 
for children is measuring the availability, prices and afford-
ability of essential medicines in all sectors. Data on the 
accessibility of essential medicines for children will help 
health policy makers develop national or regional policy, 
regulations and strategies to enhance access to them. 
The WHO and Health Action International (HAI) devel-
oped a standardised method for investigating medicine 
prices, availability and affordability in selected sectors in 
May 2003.17 However, most surveys focused on the medi-
cines for adults according to the WHO/HAI method-
ology.18–22 Only a few studies provided these types of data 
on the accessibility of the paediatric essential medicines 
for health policy makers.6 8 10 23 The study conducted by 
Balasubramaniam et al assessed the availability of essen-
tial medicines for children and demonstrated that essen-
tial medicines for children were less available in public 
hospitals than in private pharmacies.23 Similar findings 
have been reported in other developing countries. For 
instance, Anson et al revealed that the public sector had 
a lower average availability (25%) compared with the 
private sector (35%) for paediatric essential medicines 
in Guatemala. These findings also showed the essen-
tial medicines were generally unaffordable.10 Sado et al 
showed that the availability of paediatric essential medi-
cines was low and that these medicines were sold at 
higher prices, making them unaffordable for people with 
low incomes, in Ethiopia.8 

Some surveys on the availability, prices and afford-
ability of essential medicines for adults have been 
conducted in China using the WHO/HAI standardised 
methodology.13 22 24–26 However, only one study has been 
conducted, in Shaanxi Province in 2014, using the WHO/
HAI methodology to evaluate the prices, availability, price 
components and affordability of paediatric medicines.6 
The study demonstrated that the lowest priced generic 
(LPG) equivalents of paediatric medicines had better 
availability than originator brands (OBs) across the 
sectors. Hence, to our knowledge, this is the second study 
of this type since the NEMS was established in China and 
the first conducted in Jiangsu Province.

The purpose of this study was to investigate prices and 
availability of OBs and generic essential medicines across 
the public sector (primary healthcare facilities, secondary 
hospitals, tertiary hospitals) and private sector (retail 
pharmacies) in six of its cities to assess the availability, 
prices and affordability of essential medicines for chil-
dren to determine their accessibility.

MethODs
We conducted a survey of the availability, prices and 
affordability of children’s essential medicines in Jiangsu 
Province, China, using a standardised methodology 
developed by WHO and HAI.18 All data on the availability 
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and patient prices of medicines in the public and private 
sectors was collected from 10 July 2017 to 5 September 
2017. Convenience sampling was used in this study, which 
is a non-probability sampling technique where subjects 
are selected because of their convenient accessibility and 
proximity to the researchers.

survey area
Jiangsu Province is located in eastern China, having 13 
cities and a population of 79.73 million. Nanjing, the 
capital city of Jiangsu Province, was chosen as the major 
urban centre. As recommended by the WHO/HAI meth-
odology, considering geographical position and level of 
economic development, six representative cities of this 
province were selected as survey areas for data collection 
by convenience sampling: Suzhou, Changzhou, Nanjing, 
Zhenjiang, Xuzhou and Huaian. The selected cities can 
be reached within 1 day of travel from the capital.

selections of medicines outlets
Based on the government records, the sampling frame 
for the public sector facilities was designed, and the 
facility type was consistently defined and recorded. In 
each survey area, we first selected the main public tertiary 
hospital, which was a children’s hospital or women and 
children’s health hospital. An additional four public 
medicine outlets, two secondary hospitals and two 
primary healthcare facilities per survey area were then 
chosen within 3 hours’ travel of the main hospital by 
convenience sampling. Therefore, five public medicine 
outlets in each of the six cities were included in the public 
sector, yielding a sample of 30 public outlets.

Private sector facilities were identified by selecting five 
retail pharmacy outlets in each city that were in geographic 
proximity to the nearest public facility by convenience 
sampling. In each city, two retail chain pharmacies and 
three retail pharmacies were included. Thus, 30 private 
facilities in all were surveyed. In this study, a retail phar-
macy was defined as a single outlet that provided prescrip-
tion drugs, among other products. A retail pharmacy 
was not directly affiliated with any chain of pharmacies 
and was not owned (or operated) by a publicly traded 
company. However, retail chain pharmacies were retail 
outlets that shared a brand and central management and 
usually had standardised business methods and practices. 
In contrast to the retail pharmacies, retail chain phar-
macies had multiple store locations and a larger busi-
ness scale. Thus, in total, this study was undertaken in 30 
public outlets and 30 retail pharmacies.

In each survey city, we selected one county-level 
secondary hospital or township health centre and one 
rural retail pharmacy outlet by convenience sampling. 
Therefore, one rural public medicine outlet in each of 
the six areas was included, and one rural retail pharmacy 
outlet per survey area was sampled. Thus, 12 rural facili-
ties in all were surveyed, which accounted for 20% of the 
sampled public and private facilities.

selection of medicines to be surveyed
According to the requirements of the WHO/HAI meth-
odology, the systematic survey should identify core and 
supplementary lists of medicines selected by each country 
based on local disease burden and needs.27 A total of 40 
medicines were surveyed, all of which had international 
reference prices (IRPs) and were registered in China. 
Twenty-nine of these medicines were identified as core 
medicines, which were on the WHO’s EMLc.28 However, 
only three of the 29 core medicines were not on the 2012 
NEML. Apart from these core medicines, a supplemen-
tary list of medicines was added. The other 11 were iden-
tified as supplementary medicines, which were selected 
based on the local children’s disease needs, the 2012 
NEML, feedback from several paediatric experts and 
literature reviews. Five of these were selected from the 
core medicines list but in different dose forms. Table 1 
lists all the surveyed medicines.

For each medicine, two forms, OB and LPG, were 
surveyed. The OB product had a unique originator phar-
maceutical company, and LPG equivalents were defined 
as the same product sold under the generic name with 
the lowest unit price at each medicine outlet at the time 
of data collection.22

Data collection
To verify the feasibility and effectiveness of the survey, a 
pilot study was conducted in Nanjing prior to the data 
collection. In addition, a standardised data collection 
form was designed and used to ensure data accuracy 
and reliability. Six well-trained research assistants (RAs) 
visited the enrolled public and private outlets to finish 
collecting data on the availability and patient prices of 
paediatric essential medicines. At the end of each day, 
the RAs checked the completed data collection forms 
and ensured that the data were integral, consistent and 
legible at the end of each day. The data collection was 
completed within 2 months.

The trained RAs entered survey data into the prepro-
grammed MS Excel Workbook provided by the WHO/
HAI. Data were double-entered, and the data checker 
function on the spreadsheet was used to avoid data entry 
errors.

Data analysis
This study focused on three key endpoints: medicine avail-
ability, patient prices and affordability. The availability of 
individual medicines is calculated as the percentage (%) 
of the surveyed outlets where the medicine was found on 
the day of data collection. Mean availability was calculated 
for OBs and LPGs for the overall basket of all 40 medica-
tions surveyed within the public and private sectors.

To facilitate national and international comparisons, 
patient prices were presented as median price ratios 
(MPRs). The MPR is the ratio of the local median unit 
price of a medicine divided by the median IRP. The 
MPRs were calculated to express how much greater or 
less the median local medicine price was than the IRP. 
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Table 1 List of essential medicines for children surveyed in Jiangsu Province

No. Name Strength Dosage form NEM

Core list

   1 Aciclovir 200 mg Cap/tab Yes

   2 Amoxicillin 250 mg Cap/tab Yes

  3 Amoxicillin/clavulanic acid 125/31.25 mg/5 mL Suspen No

  4 Azithromycin 250 mg Cap/tab Yes

  5 Calamine 100 mL Lotion Yes

  6 Calcium gluconate 100 mg/mL Ampoule Yes

  7 Carbamazepine 200 mg Cap/tab Yes

  8 Ceftriaxone 1 g Phial Yes

  9 Ceftazidime 1 g Phial Yes

  10 Clarithromycin (sustained-release) 500 mg Cap/tab No

  11 Clindamycin 150 mg Cap/tab Yes

  12 Diazepam 5 mg/mL Ampoule Yes

  13 Fluconazole 50 mg Cap/tab Yes

  14 Folic Acid 5 mg Cap/tab Yes

  15 Furosemide 10 mg/mL Ampoule Yes

  16 Hydrochlorothiazide 25 mg Cap/tab Yes

  17 Hydrocortisone 100 mg Phial Yes

  18 Ibuprofen 200 mg Cap/tab Yes

  19 Loratadine 10 mg Cap/tab Yes

  20 Miconazole nitrate 2% Cream Yes

  21 Mupirocin 2% Cream No

  22 Omeprazole (enteric-coated) 20 mg Cap/tab Yes

  23 Paracetamol 500 mg Cap/tab Yes

  24 Phenobarbital 30 mg Cap/tab Yes

  25 Phenytoin 100 mg Cap/tab Yes

  26 Propylthiouracil 50 mg Cap/tab Yes

  27 Ranitidine 150 mg Cap/tab Yes

  28 Salbutamol 100 mcg/dose Inhaler Yes

  29 Sodium valproate 200 mg Cap/tab Yes

Supplementary 
list

  1 Aminophylline 100 mg Cap/tab Yes

  2 Amoxicillin/clavulanic acid 1000/200 mg Phial Yes

  3 Cefuroxime 250 mg Cap/tab Yes

  4 Chlorphenamine maleate 4 mg Cap/tab Yes

  5 Dexamethasone 5 mg/mL Ampoule Yes

  6 Clarithromycin 250 mg Cap/tab Yes

  7 Ibuprofen 100 mg/5 mL Suspen Yes

  8 Phenobarbital 100 mg/mL Ampoule Yes

  9 Vitamin B6 50 mg/mL Ampoule Yes

  10 Vitamin C 100 mg Cap/tab Yes

  11 Sodium valproate (sustained-release) 500 mg Cap/tab No

Cap, capsule; NEM, National Essential Medicines; suspen, suspension; tab, tablet.
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For instance, an MPR of 1.5 would mean that the local 
medicine price was 1.5 times the IRP. MPRs were only 
calculated when the medicine was available at a minimum 
of four medicine outlets. In this study, medicine prices 
from the Drug Prices Guide in 2015 issued by Manage-
ment Science for Health (MSH) were adopted as the 
IRPs for surveyed medicines. MSH IRPs represent actual 
procurement prices for medicines offered to developing 
countries by non-profit suppliers, which are generally 
recommended as the most useful standard. In general, an 
MPR of one or less is taken as an efficient procurement 
system in the public sector, while below 2.5 is considered 
efficient for the private sector. For the purposes of discus-
sion in this study, an MPR of 1.5 and 2.0 was the cut-off 
point for patient price in the public sector and private 
sector, respectively.6 Meanwhile, less than 30% is regarded 
as very low availability, and greater than 80% is regarded 
as high availability.29

The exchange rate used to calculate MPRs was 1 
US$=$C6.7964; this was the commercial ‘buy’ rate taken 
from State Administration of Foreign  Exchange. com on 
the first day of data collection (10 July 2017).30

According to the results of the fifth national health 
service survey on child healthcare in China and paedi-
atric experts’ opinions, eight common conditions in 
childhood were chosen to assess the affordability by 
comparing the total cost of medicines at a standard dose 
to the daily wage of the lowest paid unskilled government 
worker, which was RMB 53.0/day (US$7.7982 per day) at 
the time of the survey.31 Treatment affordability was calcu-
lated by using the cost of medicine for a full course of 
therapy for acute diseases or the cost of a 30-day supply 
of medicines for chronic diseases. The duration of a full 
course of treatment for acute diseases was determined by 
the seventh edition of Paediatrics published by People's 
Health Publishing House.32 If the treatment cost was less 
than a daily wage, we categorised it as an affordable medi-
cine, while it was unaffordable if its cost was over a day’s 
wage. The 5- year-old boys were taken as objects, whose 
average weight was approximately 20 kg in China.33

Patient and public involvement
The patients and public were not involved in this study.

results
Availability
Table 2 shows the availability of individual medicines in 
the public sector and the private sector. The availability 
of the selected medicines in both sectors was low. Among 
LPGs, dexamethasone injection and loratadine tablet had 
the highest availability in the public sector and the private 
sector, respectively.

The availability of OBs and LPGs in both the public and 
private sectors is shown in figure 1. In both sectors, 23 OBs 
were not found. In the public sector, 11 OBs had avail-
abilities of less than 25.0%, 6 OBs were between 25.0% 
and 49.9%, and no OBs were found in 50.0% or more of 

outlets. Meanwhile, in the private sector, 11 OBs were less 
than 25.0%, 5 OBs were 25.0%–49.9% and only 1 medi-
cine was found in 50.0% or more of retail pharmacies. 
Three LPGs were not found, 11 LPGs had availabilities 
of less than 25.0%, 13 LPGs were 25.0% to 49.9% and 12 
LPGs were found in 50.0%–74.9% of outlets in the public 
sector. The situation in the private sector was different: 
4 LPGs were not found, 16 LPGs were less than 25.0%, 
10 LPGs were 25.0%–49.9% and 9 LPGs were found in 
50.0%–74.9% of outlets. Only one medicine was found in 
75.0% or more of both sectors.

As shown in table 3, the mean availability of medicines 
varied by medicine list and sector. The mean availability 
of OBs and LPGs was 7.5% and 34.2% in the public sector 
and 8.9% and 29.4% in the private sector. For the medi-
cines listed on the EMLc, the mean availability of LPGs 
was 32.8% in the public sector and 29.7% in the private 
sector. For the medicines listed on the NEML, the mean 
availability in the public sector was 6.0% for OBs and 
36.9% for LPGs, compared with 7.4% for OBs and 30.8% 
for LPGs in the private sector.

The public sector in this study was divided into two 
categories: primary healthcare facilities and secondary 
and tertiary hospitals. The mean availability of OBs and 
LPGs was 7.7% and 30.1% in primary healthcare facili-
ties, respectively. The mean availability of OBs and LPGs 
was 9.4% and 35.6% in secondary and tertiary hospi-
tals, respectively. Overall, for the medicines listed on 
the supplementary list, the higher availability of LPGs 
(30.5%) and the lowest of OBs (5.9%) were observed at 
primary healthcare facilities, whereas the LPGs were most 
available (39.4%) and OBs had lower availability (7.9%) 
at secondary and tertiary hospitals.

Overall, OBs were less available than LPGs in both the 
public and private sectors.

Medicine prices
In the public sector, as shown in table 4, the median MPRs 
of all LPGs ranged from 1.41 to 2.12, which indicated that 
the patient prices of LPGs appeared to be close to the 
IRPs and were acceptable. However, the patient prices 
of OBs exceeded the cut-off point, with median MPRs 
ranging from 2.47 to 7.70. Coincidentally, in the private 
sector, the patient prices of LPGs were similar to the IRPs, 
with median MPRs ranging from 1.10 to 2.24. However, 
the patient prices of OBs were all above the threshold 
level and higher than those in public sector, with median 
MPRs ranging from 5.07 to 8.22.

As shown in figures 2 and 3, in the public sector, the 
patient prices were more than 1.5 times the IRPs for 
13 LPGs and less than 1.5 times the IRPs for 19 LPGs. 
However, in the private sector, 15 LPGs were sold at more 
than 2.0 times their IRPs, and nearly half of the LPGs 
(n=14) were priced at less than 2.0 times their IRPs. 
However, all OBs were priced at more than 1.5 times their 
IRPs in the public sector, and the MPRs were more than 
2.0 times their IRPs for nine OBs in the private sector. 
Only one OB was sold at less than 2.0 times the reference 
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Table 2 Availability of individual medicines in the public sector and the private sector

Name of medicine

Public sector Private sector

OBs availability 
(%)

LPGs 
availability (%)

OBs 
availability (%)

LPGs availability 
(%)

Aciclovir Ttab 200 mg 0 26.7 0 6.7

Amoxicillin tab/cap 250 mg 0 56.7 0 60.0

Amoxicillin/clavulanic acid suspension 
125/31.25 mg/5 mL

0 3.3 0 3.3

Azithromycin tab/cap 250 mg 10.0 30.0 16.7 53.3

Calamine lotion 100 mL 0 50.0 3.3 56.7

Calcium gluconate injection 100 mg/mL 0 63.3 0 13.3

Carbamazepine tablet 200 mg 33.3 0 46.7 0

Ceftriaxone injection 1 g/phial 10.0 16.7 3.3 26.7

Ceftazidime injection 1 g/phial 6.7 40.0 0 3.3

Clarithromycin tablet 500 mg (sustained-release) 0 23.3 0 43.3

Clindamycin capsule 150 mg 0 0 0 20.0

Diazepam injection 5 mg/mL 0 60.0 0 3.3

Fluconazole tab/cap 50 mg 10.0 33.3 10.0 43.3

Folic acid tablet 5 mg 0 36.7 0 43.3

Furosemide injection 10 mg/mL 3.3 60.0 0 13.3

Hydrochlorothiazide tablet 25 mg 0 73.3 0 46.7

Hydrocortisone injection 100 mg/phial 0 30.0 0 10.0

Ibuprofen tablet 200 mg 0 0 16.7 10.0

Loratadine tablet 10 mg 23.3 46.7 16.7 80.0

Miconazole nitrate cream 2% 36.7 6.7 23.3 26.7

Mupirocin cream 2% 36.7 3.3 63.3 13.3

Omeprazole tab/cap 20 mg (enteric-coated) 26.7 66.7 40.0 70.0

Paracetamol tablet 500 mg 3.3 13.3 0 16.7

Phenobarbital tablet 30 mg 0 50.0 0 0

Phenytoin tablet 100 mg 0 30.0 0 40.0

Propylthiouracil tablet 50 mg 0 30.0 3.3 23.3

Ranitidine tablet 150 mg 0 26.7 3.3 63.3

Salbutamol inhaler 100 µg/dose 30.0 13.3 30.0 40.0

Sodium valproate tablet 200 mg 0 53.3 0 33.3

Aminophylline tablet 100 mg 0 33.3 0 56.7

Amoxicillin/clavulanic acid injection 1000/200 mg/
phial

6.7 10.0 0 0

Cefuroxime tablet 250 mg 3.3 13.3 13.3 33.3

Chlorphenamine maleate tablet 4 mg 0 23.3 0 50.0

Dexamethasone injection 5 mg/mL 0 86.7 0 13.3

Clarithromycin tablet 250 mg 3.3 46.7 6.7 50.0

Ibuprofen suspension 100 mg/5 mL 13.3 30.0 33.3 23.3

Phenobarbital injection 100 mg/mL 0 53.3 0 0

Vitamin B6 injection 50 mg/mL 0 66.7 0 20.0

Vitamin C tablet 100 mg 0 56.7 0 56.7

Sodium valproate tablet 500 mg (sustained-release) 43.3 3.3 26.7 10.0

LPGs, lowest priced generics; OBs, originator brands.
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price in retail pharmacies: salbutamol inhaler (1.90 times 
the IRP).

Affordability of standard treatment regiments
The affordability of standard treatments for eight 
different health conditions was calculated. Due to the low 
availability of OBs, we finally included eight LPGs and five 
OBs from the public sector and seven LPGs and five OBs 
from the private sector.

Table 5 shows the affordability of LPGs in the surveyed 
sectors. As LPGs were prescribed and dispensed in the 
public hospitals and retail pharmacies, only two treat-
ments were costly. Treatments of paediatric urinary tract 
infection with the LPG of ceftriaxone injection from retail 
pharmacies and otitis media with the LPG of ceftazidime 
injection from public sector would cost 2.18 and 6.86 

days’ wages, respectively. In addition, the most afford-
able LPGs were ibuprofen for treating pain and inflam-
mation, which cost 0.03 days’ wages in the public sector 
and 0.07 days’ wages in the private sector. The cost of 
purchasing other LPGs in both public and private sectors 
was between 0.12 and 0.90 days’ wages, which demon-
strated that generic paediatric essential medicines in 
Jiangsu Province were fairly affordable. Similarly, for OB 
medicines found in the surveyed sectors, three medicines 
cost over a day’s wage and were less affordable. The OBs 
of cefuroxime tablet for acute bronchitis from retail phar-
macies, ceftazidime injection for otitis media from public 
sector and ceftriaxone injection for urinary tract infec-
tion from both sectors would cost 19.05, 22.63 and 26.03 
days’ wages, respectively. It was noteworthy that ibuprofen 

Figure 1 Availability of OBs and LPGs in the public sector and the private sector. LPGs, lowest priced generics; OBs, 
originator brands.

Table 3 The mean availability of medicines in the public sector and the private sector

Type
Primary healthcare 
facilities (n=12) Public hospitals (n=18) Public sector (n=30) Private sector (n=30)

OBs

  All 7.7 9.4 7.5 8.9

  Core 8.4 10.0 8.2 9.5

  Supplementary 5.9 7.9 5.8 7.3

  NEM 6.4 7.4 6.0 7.4

LPGs

  All 30.1 35.6 34.2 29.4

  Core 30.0 34.1 32.8 29.7

  Supplementary 30.5 39.4 37.9 28.8

  NEM 32.0 38.0 36.9 30.8

LPGs, lowest priced generics; NEM, National Essential Medicines; OBs, originator brands.
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for treating pain and inflammation was fairly affordable 
and highly available, costing between 0.06 and 0.09 days’ 
wages. Furthermore, the LPGs and OBs of ibuprofen 
were present in both public and private sectors.

As a whole, the standard treatments cost less than 
1 day’s wage for LPGs (except for ceftriaxone and ceftazi-
dime injection) in both sectors.

DIsCussIOn
Until now, only one study on access to paediatric essential 
medicines has been carried out in China using the stan-
dardised WHO/HAI methodology.6 As the first paediatric 
medicine survey to apply the methodology to the eastern 
region of China, the findings of this study, together 
with the previously conducted survey in western China, 
provide a comprehensive report on availability, prices and 
affordability of essential children’s medicines in China. 
The main findings of the present study concern the avail-
ability and prices of 40 paediatric essential medicines in 
public and private sectors of six cities in Jiangsu Prov-
ince. The results revealed that the availability of essential 
medicines for children was low in both sectors. The mean 
availability of existing generic medicines and their orig-
inal products was less than 40% in both the public and 
private sectors. Specifically, the mean availability of LPGs 
was 34.2% in the public sector and 29.4% in the private 
sector. Compared with the study conducted by Wang et al6 
in Shaanxi Province, China, our findings showed higher 
availability of paediatric essential medicines in both 
sectors. In Shaanxi Province, their analyses revealed that 
the mean availabilities of OBs and LPGs were 10.8% and 

27.3% in the public hospitals versus 11.9% and 20.6% 
in the private pharmacies.6 Their findings are consistent 
with studies in some undeveloped countries, such as Ethi-
opia, Guatemala and Sri Lanka,8 10 23 which also showed 
low availability of paediatric essential medicines.

China is the largest developing country in the world. 
Nevertheless, what is not fitting is that access to children’s 
essential medicines is hampered by poor availability. 
In China, the list of essential medicines for children is 
still unavailable, and lack of access to paediatric essen-
tial medicines has caused increasing concern. Strengths 
and dosage forms suitable for children, such as oral solu-
tions, are in short supply in the market.6 In this study, 
the dosage forms of survey medicines mainly include oral 
solid dosage forms (eg, tablets, capsules, granules and dry 
suspensions) and injections. However, few surveyed medi-
cines have oral liquid dosage forms on the 2012 NEML. 
NEML lacks oral liquid dosage forms such as suspensions, 
which is a problem, especially for children. In routine 
clinical treatment, doctors have become used to reducing 
the doses of adult medicines and have to divide the tablets 
for adults into pieces to deal with paediatric diseases.6

Three reasons might explain these findings. First, 
due to low profit margins, the Chinese pharmaceutical 
manufacturers lack the motivation to produce the chil-
dren’s essential medicines. Although there are more 
than 4000 pharmaceutical manufacturers in China, only 
approximately 5% of the pharmaceutical manufacturers 
are willing to produce children’s essential medicines. 
According to the statistical results, just 0.17% of phar-
maceutical enterprises are specialised in the produc-
tion of paediatric medicines.34 Second, the physicians’ 

Table 4 Median MPRs of surveyed medicines in public sector and retail pharmacies

Sector

Median MPRs of core 
medicines

Median MPRs of supplementary 
medicines

OBs LPGs OBs LPGs

Primary healthcare facilities (n=12) 7.22 1.41 2.47 1.85

Secondary and tertiary healthcare facilities (n=18) 7.70 2.12 2.47 1.44

Retail pharmacies (n=30) 8.22 2.24 5.07 1.10

MPRs were calculated only for medicines with price data from at least four medicine outlets.
LPGs, lowest priced generics; MPRs, median price ratios; OBs, originator brands.

Figure 2 The frequency distribution of median price 
ratios (MPRs) of medicines in the public sector. LPGs, 
lowest priced generics; OBs, originator brands.

Figure 3 The frequency distribution of median price 
ratios (MPRs) of medicines in the private sector. LPGs, 
lowest priced generics; OBs, originator brands.
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willingness to procure and prescribe children’s essential 
medicines is limited because of inappropriate prescription 
behaviour. Admittedly, the physicians can obtain sizeable 
commissions from pharmaceutical firms on prescriptions 
of medicines in China. Thus, the physicians have a direct 
financial incentive to prescribe more expensive medica-
tions. However, the patient prices of LPGs for children’s 
essential medicines are relatively low, which leads to 
the removal of sales commissions. Therefore, the physi-
cians might be reluctant to prescribe children’s essential 
medicines. Third, the bidding and distribution systems 
for paediatric medicines are inefficient. Since 2009, the 
centralised bidding procurement and distribution system 
for drugs was established at the provincial level to support 
the implementation of essential medicine policy.35 The 
new centralised purchase policy has been implemented 
to shift purchasing power from medical institutions to the 
provincial committees.36 Henceforth, all public facilities 
must be enrolled in the province-level centralised bidding 
and purchasing system, and 100% of medicines in public 
hospitals should be procured through this centralised 
tender. The pharmaceutical firms and suppliers were 
selected through a competitive bidding process by the 
provincial committee’s jurisdiction, and then the prod-
ucts were distributed to all public facilities. Specifically, 
the pharmaceutical firms and suppliers who can win the 
tenders are limited. For a specific essential medicine with 

same strength and dosage form, only 3–5 firms can win 
the tender. Based on the present procurement policies 
in Jiangsu Province, only the firms that offer the lowest 
prices can win bids, which probably leads to shrinking 
revenues from drug sales and drives some firms to pull 
medicines from the market. Therefore, once the firms 
who win bids choose to abandon the tenders, some essen-
tial medicines are out of supply and stock.22

In addition, our findings reveal that the mean avail-
ability of LPGs was higher in the public sector than that 
in the private sector. Conversely, the mean availability 
of OBs was higher in the private sector than that in the 
public sector. This may have been due to the 15% drug 
markups in the private retail pharmacies. Since 2014, to 
eliminate drug markups and to encourage appropriate 
use of medicines, the public secondary and tertiary hospi-
tals and primary healthcare facilities began to implement 
a zero-markup policy for drug sales in Jiangsu Province. 
Nonetheless, the drug policy permits private retail phar-
macies to add a 15% markup to the wholesale prices of 
drugs. The lower the procurement price, the lower the 
revenue from the markup. In fact, the retail pharmacies 
usually obtain their profit from the fixed wholesale and 
retail margins. Unlike in Western countries, not all of 
the retail pharmacists could get additional dispensing 
or professional fees, so their incomes depend mainly on 
wages and bonuses. To compensate the pharmacists for 

Table 5 Affordability: number of days’ wages of lowest paid unskilled government worker needed to purchase standard 
treatments

Condition
Drug name, strength, 
dosage form Treatment schedule

Days’ wages to pay for treatment

LPGs: public sector LPGs: private sector

Upper respiratory tract 
infection

Amoxicillin Ttb/cap 
250 mg

Child 5–12 years: 
250 mg*3*7 days, 
5250 mg

0.14 0.12

Otitis media Ceftazidime injection 
1 g/phial

5-year-old child: 
maximum 50 mg/
kg*20 kg*3*7 days, 21 
phials

6.86 n/a

Acute bronchitis Cefuroxime tablet 
250 mg

Child 2–12 years: 
maximum 
250 mg*2*7 days 
3500 mg

0.68 0.71

Urinary tract infection Ceftriaxone Injection 
1 g/phial

Child over 1 year: 75 mg/
kg*20*14 days, 21 vials

0.90 2.18

Seizure disorder Sodium valproate tablet 
200 mg

5-year-old child: 
40 mg/kg *20*42 days, 
33 600 mg

0.32 0.29

Asthma Salbutamol inhaler 100 
µg/dose

One inhaler of 200 
doses, as needed

0.38 0.34

Acute eczema Calamine lotion 100 mL 100 mL as need 0.15 0.19

Pain/inflammation Ibuprofen suspension 
100 mg/5 mL

Child 3 months–12 
years old: maximum 
40 mg*20 kg*3 days. 
2400 mg

0.03 0.07

LPGs, lowest priced generics; NA, not available; OBs, originator brands.
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their dispensing services, the retail pharmacies tend to 
sell OBs because the patient prices of OBs are higher. It 
is difficult for the retail pharmacies to stay in business by 
dispensing large amounts of LPGs. Therefore, the retail 
pharmacies prefer to sell more expensive OBs and might 
be reluctant to procure cheap LPGs.

Similar to the findings of the availability survey22 that 
has been conducted for adult medicines in Jiangsu 
Province, this study demonstrated that the availability 
of child-specific generic medicines far exceeded that of 
originator products in both sectors. Even so, most outlets 
only carried 7.7 %-35.6 % of paediatric essential medica-
tions. However, the results are different from the previous 
survey22 of adult medicines, which showed that the mean 
availability of LPGs was 100% in public primary health-
care facilities and 42.9% in the private sector. Access to 
paediatric essential medicines could be hindered by the 
poor availability of medicines in the dosages and formu-
lations preferable for use in children. However, the avail-
ability of adult medicines was relatively high. To deal with 
this shortage, physicians, pharmacists and nurses have to 
calculate the children’s dose from the adult dosage based 
on the child’s age, weight and body surface area. This 
calculation may lead to incorrect dose use, which might 
cause adverse drug reactions.

For two medicines, clindamycin capsule and ibuprofen 
tablet, neither their originator brands nor generic equiva-
lents were found in the public sector. One possible reason 
is that there exist therapeutic alternatives or alternate 
dosage forms in the public hospitals. Amoxicillin/clavu-
lanic acid injection, phenobarbital injection and pheno-
barbital tablet were not available in the private sector. 
All of them were prescription drugs, and the former two 
were injections. Unlike in Western countries, the outpa-
tients usually fill their prescriptions in the same hospital 
or community health centre where they go for medical 
care in China. Thus, some prescription medicines, espe-
cially for injections, are not available in retail pharmacies. 
Furthermore, phenobarbital, which is listed as a psycho-
tropic substance by regulatory authorities, is subject to 
strong control and stringent regulations for retail phar-
macies in China. Like most developing countries, the fear 
that inadequate prescription records or discrepancies in 
record keeping between hospital and pharmacy could 
lead to punitive consequences is a major barrier to access 
to phenobarbital in retail pharmacies.37

Compared with the IRPs, the OBs were expensive 
in public hospitals and private retail pharmacies. In 
contrast, according to the IRPs, the patient prices were 
acceptable for generics in both sectors. In China, LPGs of 
the same medication are manufactured and marketed by 
more than 4000 pharmaceutical enterprises, which leads 
to fierce market competition. Most importantly, these 
generic products do not vary obviously in quality or effi-
cacy, and firms have to depend on price advantages to 
survive. Therefore, the prices of LPGs are low.

It was noted that the MPRs of OBs on the core and 
supplementary list were generally higher in the private 

sector than in the public sector. This finding is inconsis-
tent with a previous study on adult medicines that was 
conducted in 2013 in Jiangsu, which found that the core 
and supplementary list MPRs were 4.13 and 4.01 for the 
private sector and 6.78 and 16.72 for the public sector, 
respectively.22 To some extent, the high prices of OBs in 
the private sector can be attributed to the 15% markup 
policy that is still implemented in retail pharmacies. Since 
2015, the policy of removal of drug markup has been 
implemented in public secondary and tertiary hospitals 
in Jiangsu, which has resulted in price reductions for orig-
inator medicines in the public sector. As a result, the price 
differences of OBs have increase. However, since 2015, 
the Chinese government has liberated drug price regu-
lation to the maximum extent possible. The wholesale or 
factory gate prices of all medicines (except for narcotic 
drugs, psychoactive drugs, radioactive drugs and toxic 
drugs for medical use) are not regulated by the govern-
ment. However, due to the bidding system, the pharma-
ceutical companies that win bids offer the tender prices. 
As a result, there is relatively little difference between 
the prices of the same medicine with same strength and 
dosage form in the public sector. Conversely, due to a 
lack of regulations on prices, there were outrageous price 
differences in the private facilities. Furthermore, some 
OBs had high patient prices in retail pharmacies. Private 
retail pharmacies adopt the strategy of maintaining low 
prices of generic medicines to attract consumers and 
gain market competitiveness. Hence, little difference is 
observed among the prices of LPGs across all sectors.

In this study, we studied the affordability of medicines 
for eight common paediatric conditions, mostly focusing 
on acute diseases. Most LPGs for common conditions 
were affordable in both sectors. Due to the shorter treat-
ment duration for acute conditions, the standard treat-
ments cost less than 1 day’s wage. This finding was similar 
to the study of the affordability of paediatric medicines 
conducted in Shaanxi by Wang et al,6 which showed 
that most acute medicines for children were affordable. 
This finding was inconsistent with other studies done on 
the availability, prices and affordability of the essential 
medicines for children in low-income countries such as 
Guatemala and Ethiopia.8 10 In these countries, many of 
lowest priced treatments in both sectors cost more than 
the daily wage of a lowest paid government employee. 
Due to differences in economic development between 
China and these countries, there may be regional differ-
ences in the affordability of essential medicines. Given 
that only 2% of the population in Jiangsu is living below 
the national poverty line of less than $700/year, the urban 
and rural residents in Jiangsu could afford high medical 
expenses. Moreover, universal health insurance coverage 
in Jiangsu also reduces out-of-pocket payments for the 
residents.

A major strength of this study is the use of the WHO/HAI 
medicine survey, which allowed us to measure availability, 
prices and affordability in a reliable and standardised way. 
An additional strength is the utilisation of IRPs to make 



11Sun X, et al. BMJ Open 2018;8:e023646. doi:10.1136/bmjopen-2018-023646

Open access

valid international comparisons. A further strength of the 
methodology was to take multiple measures to ensure 
quality data collection. There are several limitations as 
well. First, 80% of sampled facilities in this study were 
located in urban areas. Thus, the urban-biased sample 
might misrepresent the situation for the whole popula-
tion. Second, the data refer to the availability of a given 
medicine in a particular dosage form and strength on the 
day of data collection at each outlet in six cities of Jiangsu 
Province. As a result, data on medication availability at a 
single point in time may not reflect the average monthly, 
quarterly or yearly availability of medicines at individual 
outlets. Third, for the convenience of calculations, the 
average weight of 5-year-old children was estimated to be 
approximately 20 kg, according to relevant reports. Thus, 
the medicine affordability in this survey may be under-
estimated. Fourth, therapeutic alternatives or alternate 
dosage forms, such as traditional Chinese medicines, 
were not assessed. Due to the limitation of suitable dosage 
forms on the NEML, only medicines having IRPs were 
selected as surveyed objects and compared with those in 
other countries, which gave rise to a lack of oral liquid 
dosage forms in the survey list. In addition, some survey 
medicines were selected repeatedly, such as ranitidine, 
omeprazole, aminophylline and salbutamol, which could 
have led to sample bias. However, some survey medicines, 
such as propylthiouracil, could not be expected to be 
used only for common ambulatory care conditions. Fifth, 
the treatment affordability of three common paediatric 
conditions was calculated by using the cost of tablets or 
capsules. However, it is difficult for 5-year-old children 
to take oral solid dosage forms, which may have caused 
bias in estimating the affordability of standard treatment 
regiments. Finally, this study did not assess the medicine 
procurement prices.

COnClusIOns
This study was conducted to assess access to essential 
medicines for children based on their availability, price 
and affordability. In Jiangsu Province, the paediatric LPGs 
had higher availability than OBs, and the availability of 
paediatric essential medicines was very low in both public 
and private sectors. Medicines were sold at prices higher 
than their IRPs, but their affordability was reasonable. 
Relevant measures should be taken to improve access to 
medicines for children. First, analysis of the procurement, 
supply and distribution of paediatric essential medicines 
is needed to discover the reasons for the low availability. 
Second, the government should develop a list of national 
essential medicines for children and mobilise the enthu-
siasm of pharmaceutical firms to develop and manufac-
ture paediatric medicines, particularly in the dosages and 
formulations preferable for use in children.
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