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Abstract
To increase use of medical service across the country, the Chinese government has tried to improve equity in health 
care access and reduce patients’ medical expenses. For this purpose, the National Essential Medicine Policy (NEMP) was 
introduced in 2009 to mandate the distribution of medicines to health care facilities at a low cost and without profit. This 
study aims to evaluate the effect of the essential medicine policy on average per-visit expenses for outpatient and inpatient 
services. The annual national surveillance system data covering all the grassroots-level primary health care facilities (PHFs) 
in 2675 counties and 31 provinces in China during 2008 to 2012 were used in this study. The 4-level hierarchical random 
effects models were utilized to deal with possible dose-response effects of the policy and possible variations of such effects 
at the provincial, county, and facility levels. Our research findings suggest that the NEMP had positive effects in reducing 
both outpatient and inpatient expenses at grassroots level, and the policy effects tended to be greater as the exposure time 
increased. This study provides implications on reforming China’s health system and its medicine cost control policies.
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What do we already know about the topic?
Current studies evaluating the impact of China’s National Essential Medicines Policy (NEMP) are mainly based on 
sampled studies in several counties/provinces; therefore, the results may be biased and can hardly represent the overall 
China’s situation.
How does your research contribute to the field?
We evaluate the effects of China’s NEMP on health expenditures by using the annual national surveillance data covering 
all the primary health care facilities (PHFs) in China during 2008 to 2012; we also investigate the heterogeneity among 
regions and facilities.
What are your research’s implications toward theory, practice, or policy?
This study provides implications on reforming China’s health system and its drug cost control policies.

Original Research

Introduction

Medicines play an important role in protecting, maintaining, 
and restoring human health.1 The regular provision of appro-
priate medicines of assured quality, in adequate quantities, 
and at affordable prices is a global concern for both develop-
ing and developed countries.2 Particularly in low- and mid-
dle-income countries, access to and use of essential medicines 
is more difficult than others.3 In 1975, the World Health 
Organization (WHO) put forward the Essential Medicines 
Policy (EMP) to promote equitable access to medicines and 
improve the health of the entire population. Since then, more 
than 150 countries, mostly developing ones, have established 
a national essential medicines list.4

Public concern over the climbing health care expenses in 
China has been increasing dramatically for the recent years, 
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particularly as a result of excessive drug prescription in the 
health facilities.5 As a matter of fact, drug sales constitute the 
largest revenue source for China’s health facilities in that hos-
pitals derive substantial profits from drug sales and doctors 
have a pecuniary incentive to overprescribe expensive drugs.6 
In 2008, drug cost accounted for 42.7% of China’s total health 
expenditure,7 whereas the proportion was only 17% for the 
Organisation for Economic Co-operation and Development 
(OECD) countries.8 Moreover, empirical evidence has demon-
strated that excessive drug prescription is common in rural 
China,9,10 and increasing high drug costs are primary contribu-
tors to medical impoverishment.11 A study by Yip found that 
11.6% of the rural poor households in China became impover-
ished due to outpatient (OP) expenses related to chronic condi-
tions.12 In April 2009, to address the financial hardship 
experienced by patients especially in rural settings, the Chinese 
government initiated a new wave of health system reform to 
reinvigorate the National Essential Medicine Policy (NEMP), 
aiming to curtain the escalating drug cost and increase the ser-
vice utilization in primary health care facilities (PHFs).13 The 
NEMP focuses on every aspect of health system, including 
provincial-level pooled tendering and procurement, central-
ized drug distribution, mandate use, and “zero-markup” (ie, 
no-profit) policy for medicines on the new National Essential 
Drugs List at the grassroots level.7 The NEMP was first piloted 
in some areas and gradually scaled-up over the nation. By 
September 2011, China officially announced that NEMP had 
been scaled up in all government-run PHFs.14

Previous studies in China have shown that NEMP was asso-
ciated with a change in the availability and rational use of essen-
tial medicines in PHFs.15-18 But empirical evidence remains 
limited in terms of the overall impact of the NEMP on medical 
expenses. Existing literature evaluating the policy impact on 
health expenses is mostly based on research in one or several 
counties/provinces. For example, a recent study by Zhou et al 
investigated 2 county hospitals in rural western China and found 
that the expense per visit was reduced by 11% for both OP and 
inpatient (IP) services.19 Another study examining township 
health institutions in eastern, central, and western China also 
revealed that OP and IP expenses per visit were reduced.20 One 
study conducted by Chen and Dai with a larger sample size 
found a reduction of cost per prescription in 88 primary health 
institutions.21 Other studies conducted in Hubei, Shandong, and 
Beijing drew the same conclusions respectively.17,22,23 In addi-
tion, most study designs do not permit rigorous evaluation of the 
policy effect of NEMP due to methodological limitations. A 
recent study involving patients in Chongqing, Jiangsu, and 
Henan Province used the difference-in-difference (DID) 
method, a quasi-experimental approach to evaluate the effect of 
NEMP and identified a reduction in IP medication and health 
service expenditures as well.24 Nevertheless, this study exam-
ined the short-term effect of the NEMP only, leaving the poli-
cy’s long-term impact untouched.

The present study is a secondary analysis of annual national 
surveillance system data during 2008 to 2012 covering all the 

public PHFs in 31 provinces of China’s mainland. The objec-
tives of this study are to identify the policy effects of NEMP in 
medical expenses, and further, the variation of such effects by 
regions and types of PHFs, and the possible dose-response 
effects of the policy. The remaining parts of the article are 
organized as follows: “Methods” section describes the data 
and variables and presents the methodology. “Results” section 
provides estimation results from the methods. “Discussion” 
and “Conclusions” sections discuss the findings and summa-
rize the conclusions and policy implications.

Methods

Data

National Health Resource and Medical Service Survey 
(NHRMSS) was an annual national survey conducted among 
all health facilities in 31 provinces of China’s mainland as a 
surveillance for the health system reform from 2008 to 2012. 
The survey was conducted by the Center for Health 
Information and Statistics, National Health and Family 
Planning Commission of China. The survey instrument for 
PHFs to collect data at the end of each year includes questions 
on the number of staff, hospital beds, housing and infrastruc-
ture, quantity of large equipment, income and expenditure, 
assets and liabilities, medical service, and preventive primary 
public health service. Because direct variables indicating the 
exact date of the NEMP implementation at each facility were 
not available, we adopted the variable “income of essential 
medicines” in NHRMSS, which was collected at each year 
end, as a proxy variable to indicate whether the facility started 
implementing NEMP in that specific year. Before the imple-
mentation of the NEMP, the value of this variable should be 
zero because there are no such data categorized and reported. 
Therefore, if the value was not zero, it can be inferred that the 
facility implemented the NEMP during that year. This study 
used data from 34 506 primary hospitals (township hospitals 
[TSHs]), township center hospitals [TCHs], and community 
health centers [CHCs]) in 2675 counties of 31 provinces in 
China’s mainland. Located in rural counties, the TS and TC 
provide basic health care primarily for the nation’s rural pop-
ulation. In contrast, the CHC is situated in districts of cities 
and centers of some big counties and provides primary health 
care mainly for city dwellers living in the catchment areas. 
Context information, such as consumer price index (CPI), 
was obtained from the China Statistical Yearbook.

Variables

Six facility-level measures are (1) time exposed to policy of 
hospital in year (TETP) ranging from 0 to 4 years, (2) location 
(eastern, central, and western regions of China) and hospital 
type, (3) quantity of facility staff, (4) quantity of health profes-
sionals, (5) quantity of bed space in terms of bed-staff ratio, 
and (6) total assets. These variables could profile the basic 
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features of the facility in terms of staff, assets, and equipment. 
Dividing measures (4) and (5) by measure (3), we obtained 2 
new variables: ratio of health professional over all staff and 
beds per staff, respectively, to measure relative quality of 
human resources and relative treatment bed space. In addition, 
dividing measure (6) by measure (3), and then logarithm trans-
formed, we generated a new variable—total assets per staff—
to reflect the relative capacity in medical tests or diagnosis.

Four outcome measures at the facility level are (1) OP 
expenses, ie, average OP expenses of care per visit; (2) IP 
expenses, average IP expenses of care per visit; (3) OP drug 
costs, average OP drug expenses per visit; and (4) IP drug 
costs, average IP drug expenses per visit. All four measures 
were adjusted by the nation’s CPI in each year against that in 
2012, and logarithm transformation was performed to address 
their skewed distributions.

Statistical Methods
Descriptive analysis.  The descriptive method was used to analyze 
the raw data. PHFs resources were described by facility type, 
region, and NEMP exposure period. Besides, patient expenses 
in PHFs were classified by NEMP exposure period and year.

Four-level regression analysis.  Our study aimed to identify the 
policy effects of NEMP in medical expenses, and further, the 
variation of such effects by regions and types of PHFs, and 
the possible dose-response effects of the policy. Specifically, 
the data we collected have 5 time points and a 4-level hierar-
chical structure, ie, time points are nested within primary 
health facilities, facilities within county, and counties within 
province, with obvious clustering effects among provinces, 
counties, and hospitals. Given the complex data structure, we 
fitted a 4-level regression model with random effects to iden-
tify the dose-response effects. Five consecutive 4-level mod-
els were constructed of the NEMP differentiating by region 
and facility type and adjusted for health resources of PHFs.

Following the definition of the software MLwiN for mul-
tilevel models, the letters i, j, k, and l denote the repeated 
measure in time (level 1), facility (level 2), county (level 3), 
and province (level 4), respectively. The following model 
estimates an overall linear effect with exposure time of pol-
icy measured by parameterβ1  and partitions the total vari-
ance in the outcome into 4 components for the 4 levels of 
sources:σw0

2 , σv0
2 , σu0

2  and σe0
2  for the random effects w l0 , 

v kl0 , u jkl0  and e ijkl0  among provinces, counties, facilities, 
and repeated measure in time, respectively.
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In this model, the parameter β1  is a unit of linear change 
in the dependent variable for each year’s intervention period 
of the policy, the same interpretation of slope in any regres-
sion model. To separate the dose-response effects of the pol-
icy from those caused by the time change in a calendar year, 
by health care conditions, and by human resources of the 
facilities, we added some covariates in the fixed part of M2 
with everything else in the model unchanged.
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The X denotes a set of covariates, such as the ratio of 
health professional over all staff, beds per staff, total assets 
per staff, and so on. The time differences in years, 2009 ver-
sus 2008, or 2010 versus 2008, for example, are estimated by 
a set of parameters β2h  that are independent from the dose-
response effect of policy estimated by the parameterβ1 .

To examine whether the policy effects varied by province, 
by county, and by facility, we assumed random effects of the 
parameter β1  in the following models:
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In M3, the terms w v ul kl jkl0 0 0, ,  are random effects of the 
overall mean, and the termsw v ul kl jkl1 1 1, ,  are random effects 
of the dose-response estimate at the level of province, county, 
and facility accordingly. By estimating and testing variance 
terms σw1

2 , σv1
2 , and σu1

2  of the random effects w v ul kl jkl1 1 1, , , 
respectively, we worked out the distribution of the dose-
response random effects at different levels and identified the 
“best” or “worst” units (province or county or facility) in the 
policy implementation for further management. The latter 
task can be accomplished by estimating and ranking random 
effects w l1 , v kl1 , and u jkl1 , respectively.
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Model fitting and comparison.  We used MLwiN 2.30 for all 
modeling analyses and SAS 9.3 for the descriptive analysis. 
Wald statistic was used to test the significance of both fixed 
effects estimated by βs  and random effects estimated by 
variances at different levels. To compare the goodness of fit 
between nested models, we used the −2LogLikelihood 
(−2LL) value. The smaller the −2LL, the better fitted the 
model. To select between fixed effects and random effects 
model, we used both Wald statistic and deviance chi-square 
tests derived from −2LL.

Results

Descriptive Results

Total of 32 953 PHFs were included in the assessment of the 
NEMP effects. Among them, there were 2350 (7.1%) urban 
city–based CHCs, 21 626 (65.6%) rural county–based township 
hospitals (TSHs), and 8977 (27.2%) town center hospitals 

(TCs). The regional distribution of PHFs by eastern, central, and 
western China is of 27.2%, 30.0%, and 42.7%, respectively. 
Because the PHFs started implementing the NEMP in temporal 
sequence, 8274 (25.1%) of them had only 1 year exposure by 
2012, and 8718 (26.5%), 7736 (23.5%), and 8225 (25.0%) of 
them had an exposure period of 2, 3, and 4 years, respectively.

The health care resources of the PHFs in terms of ratios of 
health professionals over staff, beds per staff, and total assets 
per staff were improved slowly as the time of NEMP expo-
sure increased overall. Such trends stratified by geographic 
region and by type of PHFs are shown in Table 1. The aver-
age ratio of health professional was not significantly differ-
ent between eastern, central, and western regions with the 
overall means being 0.79, 0.79, and 0.78, respectively. 
However, the ratio was significantly different by type of 
PHFs, with the highest in the town center hospitals with 
overall mean at 0.82, and 0.77 and 0.76 for township hospi-
tals and CHCs, respectively. The number of beds per staff 
was the highest in western region (M = 1.02), lowest in 

Table 1.  Primary Health Facility Resources by Facility Type, Region, and NEMP Exposure Period.

NEMP exposure 
period in year

Number of primary 
health care facilities

Ratio of health 
professional over all staff Beds per staff

Log (total assets 
per staff)

Eastern region
  1 2438 0.76 (0.21) 0.79 (0.74) 10.8 (2.52)
  2 2509 0.80 (0.13) 0.73 (0.58) 11.4 (1.24)
  3 1927 0.81 (0.12) 0.78 (0.55) 11.5 (1.03)
  4 2092 0.80 (0.13) 0.86 (0.67) 11.4 (0.93)
Central region
  1 2643 0.77 (0.18) 0.88 (0.70) 10.6 (2.14)
  2 2806 0.79 (0.14) 0.88 (0.57) 11.0 (1.32)
  3 2278 0.80 (0.13) 0.90 (1.13) 11.1 (1.08)
  4 2175 0.80 (0.13) 0.90 (0.56) 11.2 (0.86)
Western region
  1 3193 0.74 (0.21) 0.94 (0.94) 10.2 (2.91)
  2 3403 0.78 (0.15) 1.01 (0.68) 10.9 (1.61)
  3 3531 0.78 (0.14) 1.08 (0.68) 11.1 (1.15)
  4 3958 0.80 (0.13) 1.06 (0.65) 11.2 (0.95)
CHC
  1 750 0.67 (0.33) 0.39 (0.63) 9.15 (4.72)
  2 573 0.80 (0.17) 0.46 (0.52) 11.1 (2.66)
  3 530 0.81 (0.14) 0.54 (0.49) 11.4 (1.94)
  4 497 0.82 (0.10) 0.51 (0.48) 11.4 (1.16)
TC
  1 2010 0.81 (0.14) 0.91 (0.57) 10.9 (2.00)
  2 2293 0.83 (0.12) 0.95 (0.60) 11.2 (1.30)
  3 2331 0.83 (0.11) 0.96 (0.54) 11.3 (1.04)
  4 2343 0.83 (0.11) 0.99 (0.55) 11.4 (0.87)
TS
  1 5514 0.75 (0.19) 0.93 (0.89) 10.6 (2.29)
  2 5852 0.78 (0.15) 0.91 (0.63) 11.0 (1.30)
  3 4875 0.78 (0.14) 1.00 (0.95) 11.2 (1.02)
  4 5385 0.79 (0.14) 1.00 (0.67) 11.2 (0.92)

Note. Standard deviations are shown in parentheses. NEMP = National Essential Medicine Policy; CHC = community health center; TC = town center 
hospital; TS = township hospital.
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eastern region (M = 0.79), and middle in central region (M = 
0.89). The city-based CHCs had the fewest beds per staff 
with the mean being 0.47 in contrast to the rural county-
based TS and TCH that had the same mean of 0.96. The facil-
ity assets per staff were higher in the eastern region, followed 
by the central, and the lowest in the western region with 
means in logarithm scale being 11.3, 11.0, and 10.9, respec-
tively. TCHs (M = 11.2) and TSs (M = 11.0) had higher 
asset ratios than CHCs (M = 10.6).

Change of Medical Expenses by Exposure Period

Medical expenses in PHFs by NEMP exposure period and 
year.  The 4 medical expense indicators for the NEMP 
changes, stratified by the calendar year and by exposure 
period in year to the policy, are summarized in Table 2.

For the average OP expenses, a clear pattern showed that 
from 2008 to 2012, the OP expenses were increased regard-
less of the NEMP exposure period. For PHFs with 1-year 
policy exposure, the OP expenses raised from average 40.1 

Table 2.  Medical Expenses in Primary Health Facilities by NEMP Exposure Period and Year (Raw Data).

Calendar 
year Label

NEMP exposure period in year

  0 1 2 3 4

Average 
outpatient 
expenses (¥)

2008 N 32 948 0 0 0 0
M (SD) 44.7 (30.9) — — — —

2009 N 24 728 8225 0 0 0
M (SD) 41.8 (39.0) 40.1 (54.2) — — —

2010 N 16 992 7736 8225 0 0
M (SD) 46.9 (40.6) 44.5 (29.9) 43.5 (32.8) — —

2011 N 8274 8718 7736 8225 0
M (SD) 48.6 (49.5) 48.2 (36.7) 46.7 (30.5) 45.6 (34.5)  

2012 N 0 8274 8718 7736 8225
M (SD) — 48.7 (46.7) 48.0 (33.7) 47.7 (28.1) 46.2 (28.4)

Average inpatient 
expenses (¥)

2008 N 28 855 0 0 0 0
M (SD) 938.7 (1589.5) — — — —

2009 N 21 473 7779 0 0 0
M (SD) 983.1 (1597.6) 899.4 (811.3) — — —

2010 N 14 541 7282 7797 0 0
M (SD) 1105.6 (1570.5) 1114.2 (1711.5) 1033.0 (877.8) — —

2011 N 6523 7818 7189 7676 0
M (SD) 1170.7 (2117.7) 1163.3 (1608.5) 1184.7 (1761.9) 1091.0 (907.8) —

2012 N 0 6679 7801 7171 7691
M (SD) — 1174.9 (2189.9) 1190.9 (2198.3) 1194.8 (2123.4) 1085.2 (834.1)

Average medicine 
costs per 
outpatient (¥)

2008 N 32 948 0 0 0 0
M (SD) 28.8 (222) — — — —

2009 N 24 728 8225 0 0 0
M (SD) 27.5 (28.0) 26.1 (41.7) — — —

2010 N 16 992 7736 8225 0 0
M (SD) 30.7 (28.9) 28.9 (21.3) 27.8 (23.8) — —

2011 N 8247 8718 7736 8225 0
M (SD) 26.5 (31.7) 28.4 (24.4) 27.8 (21.0) 27.1 (23.9)  

2012 N 0 8274 8718 7736 8225
M (SD) — 30.8 (34.3) 29.1 (24.3) 28.9 (19.7) 27.7 (20.8)

Average medicine 
costs per 
inpatient (¥)

2008 N 28 062 0 0 0 0
M (SD) 531.8 (901.1) — — — —

2009 N 21 050 7725 0 0 0
M (SD) 573.7 (842.5) 524.3 (514.4) — — —

2010 N 14 369 7248 7770 0 0
M (SD) 647.6 (873.8) 631.5 (855.4) 593.4 (540.9) — —

2011 N 5813 7779 7151 7650 0
M (SD) 631.4 (891.8) 607.8 (809.2) 618.0 (761.0) 572.5 (495.1) —

2012 N 0 6528 7708 7106 7622
M (SD) — 653.2 (940.8) 627.7 (982.9) 629.9 (862.6) 576.1 (445.1)

Note. NEMP = National Essential Medicine Policy.
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CNY (US$6.1) per OP visit in 2009 to 48.7 CNY in 2012. 
For those with 2 years’ policy exposure, the OP expenses 
raised from 43.5 CNY in 2010 to 48.0 CNY in 2012. 
However, within each calendar year, the mean statistics pre-
sented a declining trend as the policy exposure time increased. 
For instance, in 2010, the average OP expense was 46.9 CNY 
among those that had not yet implemented the NEMP and 
was down to 44.5 after 1-year exposure and further down to 
43.5 CNY after 2 years’ exposure.

Similar upward patterns over calendar years and decreas-
ing trends over the increased policy exposure years can be 
found in the average IP expenses, average OP drug costs, and 
average IP drug costs.

Estimated dose-response effects of NEMP differentiated by region 
and facility type and adjusted for health resources of PHFs.  Con-
sidering that the observed trends in raw data may have been 
confounded with differences in medical care resources of 
PHFs, effects of regions, and effects of time in calendar year, 
further modeling analyses adjusted for those effects with 
estimates of policy effects in a dose-response form are pre-
sented in Table 3. For all outcome measures in Table 2, we 
observed large standard deviations that were close to or even 
larger than their means, which suggested skewed distribu-
tions of those measures. The natural logarithm translation of 
them was performed for the modeling analysis.

The results in Table 3 presented statistical evidences in 
association with the NEMP effects. They showed that for the 
reference facilities (CHCs in eastern region), OP expenses, 

IP expenses, and IP drug costs declined as the NEMP expo-
sure time increased. Using “T” to indicate the policy expo-
sure time, their mean declining rate on the original scale was 
estimated as e−(0.033 × T + 0.001 × T × T), e−(0.024 × T 
+ 0.007 × T × T), and e−(0.052 × T + 0.007 × T × T), 
respectively. In a different pattern, OP drug costs showed lin-
ear increase and then declined in acceleration as the NEMP 
exposure time increased. The overall change was at the rate 
e(0.064 × T−0.002 × T × T).

Results in Table 3 also showed that in most cases, the 
NEMP effects in terms of linear change were differentiated 
significantly among type of facilities and by regions. Further 
description of differentiated effects is presented in the fol-
lowing session.

The accelerated nonlinear change in quadratic term did 
not show significantly differentiated effects by type of facili-
ties and by region in our analysis; hence, no interactive 
effects were presented here.

Model estimated change trends of outcome measures and total 
change of medical care costs in response to NEMP exposure year 
by PHF type and by region.  Based on the model estimated in 
Table 3, predicted change curves in each of the 4 outcome 
measures as a quadratic function of the NEMP exposure year 
were calculated by PHF type and by region, respectively 
(Figure 1). The estimated mean change values from 0 expo-
sure to 4 years’ exposure to the NEMP are presented in Table 
4, and by type of facilities and by region, for each outcome 
measure, respectively. In Table 4, the value −0.85 in the OP 

Table 3.  Estimated Dose-Response Effects of NEMP Differentiated by Region by Facility Type and Adjusted for Health Resources of 
Primary Health Care Facilities.

Effects

Outpatient expenses in 
logarithm

Inpatient expenses in 
logarithm

Medicine costs (outpatient) 
in logarithm

Medicine costs 
(inpatient) in logarithm

Estimation (SE) (P) Estimation (SE) (P) Estimation (SE) (P) Estimation (SE) (P)

NEMP linear effect −0.033 (0.010) (.008) −0.024 (0.009) (<.001) 0.064 (0.012) (<.001) −0.052 (0.011) (<.001)
NEMP quadratic effect −0.001 (0.002) (.410) −0.007 (0.001) (<.001) −0.018 (0.002) (<.001) −0.007 (0.002) (<.001)
Year effect 0.064 (0.0016) (<.001) 0.101 (0.002) (<.001) 0.004 (0.002) (.045) 0.081 (0.002) (<.001)
Township vs CHC −0.067 (0.016) (<.001) −0.414 (0.018) (<.001) 0.042 (0.017) (.013) −0.245 (0.020) (<.001)
Town center vs CHC 0.046 (0.016) (.004) −0.245 (0.019) (<.001) 0.080 (0.018) (<.001) −0.167 (0.020) (<.001)
Central vs Eastern −0.343 (0.102) (<.001) −0.493 (0.176) (.005) −0.416 (0.139) (.002) −0.386 (0.199) (.054)
Western vs Eastern −0.648 (0.092) (<.001) −0.785 (0.159) (<.001) −0.636 (0.125) (<.001) −0.660 (0.180) (<.001)
NEMP × Township vs CHC −0.018 (0.007) (.010) 0.029 (0.007) (<.001) −0.023 (0.007) (<.001) 0.027 (0.008) (<.001)
NEMP × Town Center vs 

CHC
−0.028 (0.007) (<.001) 0.017 (0.007) (.015) −0.039 (0.008) (<.001) 0.016 (0.009) (.074)

NEMP × Central vs Eastern 0.029 (0.006) (<.001) −0.001 (0.006) (.867) 0.039 (0.008) (<.001) 0.022 (0.008) (.005)
NEMP × Western vs 

Eastern
0.073 (0.006) (<.001) −0.001 (0.006) (.868) 0.088 (0.007) (<.001) 0.027 (0.007) (<.001)

Ratio of health professional 
over all staff

0.651 (0.013) (<.001) 0.148 (0.014) (<.001) 0.540 (0.015) (<.001) 0.114 (0.016) (<.001)

Beds per staff 0.055 (0.004) (<.001) −0.012 (0.004) (.002) 0.050 (0.004) (<.001) −0.016 (0.005) (<.001)
Log (total assets per staff) 0.141 (0.001) (<.001) 0.033 (0.002) (<.001) 0.125 (0.001) (<.001) 0.036 (0.002) (<.001)

Note. NEMP = National Essential Medicine Policy; CHC = community health center.
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Figure 1.  Model estimated change trends of outcome measures in response to National Essential Medicine Policy exposure year by 
PHF type and by region.
Note. PHF = primary health care facilities; CHC = community health center; TSH = township hospital; EMP = Essential Medicines Policy; TCH =.

Table 4.  Model Estimated Total Change of Medical Care Costs Due to National Essential Medicine Policy Effects by PHF Type and by 
Region.

Medicine expenses (CNY)
Average outpatient all 

expenses
Average outpatient 

medicine costs
Average inpatient all 

expenses
Average inpatient 

medicine costs

PHF type
  Community health centers (Ref) −0.85 −0.16 −182.65 −122.22
  Town center hospital −1.49 −0.93 −99.45 −85.30
  Township hospital −1.15 −0.61 −56.51 −66.73
Region
  Eastern (Ref) −0.85 −0.16 −182.65 −122.22
  Central −0.14 +0.44 −112.53 −62.82
  Western +0.50 +1.00 −81.87 −44.07

Note. PHF = primary health care facilities.
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all expenses for CHCs suggested a reduction of 0.85 CNY in 
average over the whole NEMP exposure period among all 
CHCs in this outcome. In general, reduction in service 
expenses and medication costs was observed over the policy 
implementation period, except for an increase of 0.50 CNY 
in the OP expenses and of 1.00 CNY in the OP medication 
costs in western region, and of 0.44 CNY in the OP medica-
tion costs in the central region. Such trends of increasing 
expenses/costs can be seen clearly in Figure 1.

In addition, much more reduction in expenses and costs 
was estimated in the 2 IP measures than that in the 2 OP 
measures.

Among facilities, the city-based CHCs performed differ-
ently from TCHs and TSs in rural counties. For the 2 OP 
measures, CHCs showed slower reduction than TCHs and 
TSs, whereas for the 2 IP measures, CHCs showed faster 
reduction than the latter two. The declining patterns in the 4 
measures were similar between TCHs and TSs (Figure 1).

In different regions, the average OP expenses and the 
average OP drug costs have shown a downward trend for the 
eastern region and an upward trend for its western counter-
part. For the central region, the average OP expenses 
decreased, but its average OP drug costs showed a slow non-
linear upward trend. All regions demonstrated a downward 
trend in the 2 IP outcome measures, with more reduction in 
expenses and costs in the eastern region than that in the other 
two.

Estimated variation with distribution limits of the linear change 
rate of NEMP effects among counties and primary health facili-
ties.  In Table 5, we presented model estimated random 
effects of linear change of NEMP with regard to variance of 
random effects at the county and PHF levels, respectively, 
for the 4 outcome measures. They were all statistically sig-
nificant, suggesting large variations in the NEMP mean 
effects across counties and among PHFs. Based on the 
NEMP overall effects presented in Table 3 and the estimated 
variance of NEMP random effects at the county and PHF 
levels as shown in Table 5, we calculated the 95% lower and 
upper limits of the linear change rates distribution of each 
outcome for the county and PHF levels, respectively. The 

results clearly showed that although the OP expenses were 
declined by an average rate of e−0.033, such rate can be as 
low as e−0.639 for some counties and as high as e0.574 for 
some other. Among the PHFs, the lowest rate can be e−0.208, 
and the highest e0.142. The distribution of this outcome at 
both levels leaned toward the negative value or declining 
side, echoing the overall declining trends. Similar trends and 
variation in distributions were demonstrated in the IP 
expenses and IP drug costs.

For the OP drug costs, the average linear change rate, in 
the logarithm scale as shown in Table 3, was estimated at 
0.064 of increase rate (P < .001), with significantly large 
variations among counties with the change rate distribution 
of 95% limits being e−0.661-e0.789, and among PHFs being 
e−0.096-e0.224.

We did not include the random effects of the quadratic 
change in this analysis because the mean effects of such term 
in all 4 outcomes showed a trend of accelerated decline with 
negative parameter estimates for both OP expenses and OP 
drug costs being insignificant. The linear random effects 
already represent the main change in the trends.

Discussion

Overall Policy Effect

We evaluated the average impact of the NEMP using the 
comprehensive administrative data covering all the grass-
roots facilities in China during 2008-2012 and tried to iden-
tify the heterogeneous policy impact by region and by facility 
type. Our findings suggest that all 4 outcome measures of 
health expenses, ie, OP expenses, OP drug costs, IP expenses, 
IP drug costs declined as the NEMP exposure time increased, 
in a quadratic or dose-response relationship. However, the 
NEMP effect on OP drug costs is estimated positive while 
the NEMP quadratic effect on this outcome is estimated neg-
ative, with a small reduction during the study period. This 
phenomenon indicates a nonlinear change trend of the NEMP 
effects. One possible explanation is that the policy was 
imperfect when initiated and that it took some time for it to 
take effect.

Table 5.  Estimated Variation With Distribution Limits of the Linear Change Rate of National Essential Medicine Policy Effects Among 
Counties and Among Primary Health Facilities.

Outcome measures

County, N = 2697 Primary health care facilities, N = 32 953

Estimation variance 
(SE)

95% lower to upper 
limit of change rate

Estimation variance 
(SE)

95% lower to upper 
limit of change rate

Outpatient expenses in logarithm 0.0958 (.0036)*** e−0.639-e0.574 0.008 (.0004)*** e−0.208-e0.142

Inpatient expenses in logarithm 0.0467 (.0022)*** e−0.448-e0.399 0.0449 (.0029)*** e−0.439-e0.391

Medicine costs (outpatient) in logarithm 0.1367 (.005)*** e−0.661-e0.789 0.0067 (.0005)** e−0.096-e0.224

Medicine costs (inpatient) in logarithm 0.0605 (.0029)*** e−0.534-e0.430 0.0781 (.0037)*** e−0.599-e0.496

**P < .001. ***P < .0001.
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After the implementation of the NEMP, the bidding prices 
for essential drugs were capped by the government through 
provincial-level pooled tendering and procurement, and thus 
ideally the drug cost could be contained to some extent. 
Moreover, the “zero-markup” policy abolished the previous 
mark-up of at least 15% on all drugs, resulting in reduced 
drug expenses.25 In the present study, we found that the drug 
cost for both OP and IP visits decreased for overall impact, 
which is consistent with other research findings.21,24 
However, the decrease of drug expense may not necessarily 
result in the decrease of total medical expenses because it is 
possible that the provider may turn to unnecessary high mar-
gin tests or examinations in response to the profit loss due to 
the elimination of drug revenue.7 Our findings have demon-
strated an overall trend of decreased medical expense by the 
implementation of NEMP for both OP and IP services.

The NEMP aims to increase affordability and availability 
of essential drugs at grassroots level.2,26 Our findings indi-
cate that the NEMP is having its intended impact on drug 
cost on the whole. However, price controls and procurement 
procedures have adversely affected the supply of certain 
drugs.27 This may be attributed to the fact that pharmaceuti-
cal manufacturers may cease the production of some essen-
tial drugs in response to the profit loss caused by governmental 
setting of “ceiling” prices. Strategies such as reasonable drug 
pricing and subsidies for pharmaceutical manufactures 
should be formulated to secure the supply of essential drugs.

Variation by Region and Facility Type

Compared with its eastern counterpart, PHFs in the western 
and central region generally had much less medical expenses 
and less drug costs for both OP and IP services. Region anal-
ysis showed smaller reduction in IP expenses and drug costs 
but slightly upward trend in OP expenses and drug cost than 
that of eastern region. Among 3 types of facilities, CHCs had 
more reduction in IP expenses and drug costs than TCHs 
which had more reduction than TSHs.

Several factors may account for the large variation among 
regions. First, compared with the eastern region, western and 
central regions are relatively underprivileged in social-eco-
nomic development and health resources. As the NEMP 
effects are strongly associated with the allocation of health 
resources, ie, lower resources and less NEMP effects, so that 
the OP and IP expenses, and OP drug costs in the central and 
western region are lower than that in the eastern region in the 
beginning but ended up with less policy effects in central and 
western regions than that of the eastern region. Some studies 
reported similar results to our research. Song22 found that the 
average prescription charge decreased by 6.78% after the 
NEMP implementation in Shandong, an eastern province of 
China. Zhou et al19 showed that the total expense per visit 
reduced by 19.02 CNY (US$3.12) for OP services and 399.6 
CNY (US$65.60) for IP services and that the expense per 
visit was reduced by 11% for both OP and IP services in the 

western region. Further research should be conducted to find 
more evidence to explain the variation among regions.

Compared with CHS, township hospitals (TSs) had lower 
OP and IP expenses, and lower IP drug costs, but higher OP 
drug costs in general, while town center hospitals (TCHs) 
had higher OP expenses and drug costs, and lower IP 
expenses and drug costs. However, as the NEMP exposure 
time increased, TSs and TCHs showed significantly faster 
declining in the OP expenses and drug costs, but less such 
declining in IP expenses and drug costs.

The NEMP has some effects in reducing drug costs for all 
3 types of PHFs. The difference in the effects of NEMP may 
be caused by the disparities in policies and in the patients 
treated at different PHFs; the specific reasons, however, 
should be identified from further research. It is true that the 
initiation of the NEMP in the country since 2009 has been 
followed by a series of governmental documents and regula-
tions. However, such official documents for this reform pro-
vide only guiding principles that encourage local adaptation 
and piloting.7 In fact, each province has their own essential 
drugs lists and strategies to compensate PHFs and health pro-
viders for income loss due to the “zero mark-up” policy, and 
these lists and strategies vary by provinces and between 
urban and rural areas largely because of unbalanced social-
economic development among areas and regions across the 
country. Therefore, to maximize the effects of NEMP, spe-
cific promoting measures should be formulated according to 
the unique characteristics of each type of primary health 
facilities.

Dose-Response Relationship

While initiated in 2009 and implemented in all public PHFs 
in 2011, the exact date when NEMP was implemented at 
each specific PHFs varied. Results of this study demon-
strated that the NEMP was piloted in 2009 to cover about 
27% of facilities, up to 53% in 2010 and 75% in 2011, and 
finally scaled up to all facilities in 2012. The 4 health 
expenses measures decreased as the NEMP exposure time 
increased, in a quadratic or dose-response relationship. This 
indicated that the NEMP had a positive effect in reducing 
both OP and IP expenses and the policy effects tended to be 
greater as the exposure time increased. The reason underly-
ing this phenomenon may be the policy adaptation with 
elapsing time, suggesting that longer time may allow the 
policy to adapt itself to local and realistic conditions, and to 
generate more effects in curbing drug costs as a result.28

Justification of Analytical Methods

Great heterogeneity exists within provinces in China due to 
the unbalanced social-economic development, which cannot 
be overlooked when choosing the appropriate analytical 
model. Given the 4-level hierarchical structure of the data, 
obvious clustering effects exist among provinces, counties, 
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and hospitals. To tackle the complexity of the data, we used 
a 4-level hierarchical random effects models to assess the 
policy effects. Recently, a quasi-experimental approach, the 
DID, has been commonly used in policy evaluation.29,30 
Although DID is effective in evaluating the interventions 
with observations from 2 time points and assumes indepen-
dence in data or no clustering effects, it did not suit our data 
in the present study. More detailed discussion on method-
ological issues can be found in another paper by our team.31

Limitations

This study has several limitations, which should be noted in 
the interpretation of our findings. First, the data were col-
lected from the heath administrative system, which might 
contain reporting errors and missing information at some time 
points. Lack of facility-level and county-level contextual fac-
tors in the data made it impossible to separate the effect due 
to policy intervention from that due to area contextual and 
micro-level factors. In addition, because direct variables indi-
cating the exact date of the NEMP implementation at facility 
level were not available, we had to adopt the variable “income 
of essential medicines” in NHRMSS as a proxy variable to 
indicate whether the facility implemented NEMP in that year. 
Although each facility may start the implementation of the 
NEMP at any time of the year, the calculation of policy expo-
sure time is only a proximate value based on year-end infor-
mation, which may have resulted in estimation bias.

Second, adding the control variables such as ratio of health 
professional over all staff, beds per staff, and total assets per 
staff may suffer from endogenous problem because these vari-
ables may have interaction effects with the NEMP and could 
result in biased estimates. However, our empirical strategy 
cannot fully resolve the endogenous problem. In our future 
research, data from supply capacity shocks might be utilized 
to help through an instrumental variables (IV) approach.

Given that the NEMP was initiated in the context of com-
prehensive health system reform in China along with other 
interventions being simultaneously introduced as part of the 
wider reform, the changes observed in this study cannot be 
entirely attributed to the NEMP. For example, the expanding 
coverage of health insurance may have an impact on service 
uptake and thus increase the total health expenditures. 
However, all of the observed changes in drug costs are prob-
ably attributable to the NEMP.

Despite these limitations, our findings are consistent with 
those of other evaluations of the NEMP,19,21,24 and this study 
is strengthened by a large amount of national data with an 
appropriate analytic method to assess the policy impact of 
the NEMP on medical expenses.

Conclusions

Although the NEMP tended to produce the expected effects 
on health expenditures, large variations of such effects existed 
between western and eastern regions of China, between rural 

and urban facilities, and between the time periods before and 
after implementation of the policy. The effects of the policy 
were particularly limited in western and urban areas. The 
variations in the essential medicine policy effects among the 
regions and PHF types indicate that policy makers should for-
mulate relevant policies corresponding to local and realistic 
factors when implementing the policy. The original purpose 
of the essential medicine policy is to promote equitable access 
to medicines and improve the health of the entire population; 
it is possible, however, that the distribution of medical 
resources could impact the effects of the essential medicine 
policy. To address this inadequacy, further research is needed 
to identify poorly performed counties or even PHFs for in-
depth examination on contextual and micro-level factors.
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