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Irrational  drug  use  and  prescription  safety  are
pressing  global  concerns.  The  World  Health
Organization  estimated  that  over  half  of  all
prescriptions  worldwide  contain  errors,  leading  to
substantial  harm[1,2].  In  China,  prescription  errors
occur at a rate of 32%, and improper medication use
is reported in over 70% of households[3,4]. Vulnerable
populations,  including  children  (16.7%)  and  older
adults  (30.4%),  are  particularly  affected[5].  These
challenges underscore the urgent need for strategies
to  improve  medication  safety.  Prescription  reviews
are  vital  for  addressing  irrational  medication  use;
however,  a  global  shortage  of  pharmacists  has
challenged  their  implementation.  In  China,  the
pharmacist-to-population  ratio  is  critically  low,
especially  at  the  grassroots  level,  with  only  1.2
pharmacists  per  10,000  people.  Moreover,  fewer
than  30%  of  primary  healthcare  institutions  (PHIs)
meet  the  required  staffing  criteria.  Advances  in
artificial  intelligence  (AI)  have  transformed
healthcare,  improving  diagnostics  and  decision-
making.  AI  applications,  such as  imaging diagnostics
and  prescription  review  systems,  exhibit  the
potential  to  enhance  the  quality  and  efficiency  of
medical  services.  AI-assisted  prescription  review
systems (AIAPRS) have shown promise for improving
prescription  safety,  with  successful  implementation
in China. For instance, an AIAPRS in Beijing reviewed
over  300,000  prescriptions  in  one  year,  achieving
high  accuracy  rates  and  significantly  reducing  the
number  of  irrational  prescriptions.  Despite  its
potential,  the  cost-effectiveness  of  AIAPRS  in  real-
world  settings,  particularly  in  underdeveloped
regions,  remains  underexplored.  This  study
evaluates the effectiveness and economic benefits of

an AIAPRS in a Chinese county.
The  County  in  Anhui  Province,  an

underdeveloped region, launched a project in March
2023 to improve medication practices in PHIs. Before
AIAPRS  implementation,  no  prescription  review
system  existed.  Physicians’  prescriptions  are  now
reviewed  by  AIAPRS,  with  errors  categorized  into
“low-risk”  “moderate-risk”  and  “high-risk”  levels
(Supplementary  Figure  S1).  Data  from  318  PHIs
(21  township  health  centers  and  297  village  clinics)
were  collected  from  March  to  June  2023,  covering
prescription  volume,  irrational  prescription  rates,
and expenditures. Key metrics included modification
rates and risk-based categorization of prescriptions.

Activity-based  costing  was  used  to  estimate
AIAPRS implementation costs at  21 township health
centers and 297 village clinics. The analysis included
resource  allocation  per  prescription  review,  but
excluded  installation  and  facility-related  costs.  A
one-factor  sensitivity  analysis  identified  key  cost
drivers,  such  as  maintenance  expenses  and
application  scale.  March  2023  was  used  as  the
baseline to compare irrational prescription rates, risk
levels,  and  physician  modification  rates  over  four
months.  Monthly  changes  in  prescription  volume
and  expenditure  were  also  analyzed  to  assess
savings from AI intervention. Cost-effectiveness was
evaluated  by  comparing  AI  intervention  costs  with
savings  in  prescription  expenses  and  reductions  in
irrational  prescription  rates.  The  input-output  ratio
was  calculated  monthly.  Data  were  analyzed  using
SPSS  26.0,  employing  chi-squared  or  Fisher’s  exact
test for categorical data and Wilcoxon rank-sum test
for  ordinal  data.  A  P-value  <  0.05  was  considered
significant.
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In  the  same  month,  the  final  submission  of
irrational  prescriptions  showed  a  significant
decrease  (P  <  0.001),  which  is  consistent  with  the
effectiveness  of  the  AI-assisted  intervention.  The
most  substantial  reduction  was  observed  in  March
2023 (4.7%), whereas the least was observed in June
2023  (2.4%)  (Supplementary  Table  S1).  This  trend
across  months  indicates  a  gradual  but  consistent
improvement in prescription quality. This aligns with
the findings of similar studies conducted in hospitals
in  Israel  and China,  wherein physician modifications
to  irrational  prescriptions  were  also  significant[6-8].
The relatively lower reduction in June could suggest
a stabilization effect over time, where the impact of
the  intervention  becomes  less  pronounced  as
prescribing  practices  improve  and  doctors  adjust  to
the AI’s feedback.

Additionally,  across  months,  irrational
prescriptions  continued  to  show a  decreasing  trend
(P  <  0.001).  Specifically,  the  irrational  prescription
rate decreased from 27.7% in March 2023 to 24.1%
in  June  2023,  confirming  the  role  of  the  AI
intervention  in  mitigating  irrational  prescriptions.
Following  the  AI  intervention,  the  overall  irrational
prescription  rate  was  reduced  by  6.0%
(Supplementary  Table  S1).  This  reduction  over  just
four  months,  though  modest,  suggests  that  the
AIAPRS  has  a  meaningful  impact  on  prescription
practices, reducing the risks of medication errors and
improving the overall safety profile.

A deeper analysis of the risk categories revealed
statistically  significant  differences  (P  <  0.001),  with
high-risk  prescriptions  showing  a  dramatic  decline
from  13.6%  to  1.5%,  and  medium-risk  prescriptions

falling  from  22.3%  to  16.4%.  Interestingly,  the
proportion of low-risk prescriptions rose from 64.1%
to  82.2%  (Supplementary  Table  S1).  These  changes
highlight  a  noteworthy  shift  in  the  nature  of
irrational  prescriptions.  The  substantial  reduction  in
high-risk  prescriptions  indicates  the  ability  of  AI  to
address  critical  safety  concerns,  particularly  in
preventing  severe  medication  errors  such  as
inappropriate  antibiotic  use.  This  is  a  positive
outcome,  suggesting  that  interactions  between  AI
and  experts  can  help  reduce  high-risk  prescription
practices.  However,  the  increase  in  low-risk
prescriptions  suggests  that  physicians  may  have
been more receptive to the AI’s alerts for higher-risk
cases  but  less  responsive  to  low-risk  alerts,  possibly
owing to  clinical  experience or  a  belief  in  their  own
judgments over AI recommendations.

Furthermore,  the  modification  rate  of  irrational
prescriptions  by  physicians  decreased  by  3.8%  over
the  four-month  period.  High-risk  prescriptions
maintained  a  modification  rate  of  over  88.5%,
indicating that physicians were more likely to act on
the  AIAPRS’s  recommendations  for  critical  errors,
whereas  medium-  and  low-risk  prescriptions  had
lower modification rates,  under 30% (Figure 1).  This
result indicates a consistent willingness of physicians
to  prioritize  correcting  high-risk  issues,  but  less
enthusiasm  for  adjusting  medium-  or  low-risk
prescriptions,  possibly  owing  to  perceived  lower
severity  or  less  familiarity  with  the  AI’s  suggestions
for  these  categories[7].  This  aligns  with  findings  in
prior  research  indicating  that  AI  interventions  are
more  effective  in  addressing  high-risk  issues,  but
have a limited impact on lower-risk prescriptions[8].
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Figure 1. Modification rate for prescriptions at different risk levels from March to June.
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Cost estimation analyses showed that the cost of
reviewing one prescription was 2.40 CNY, with fixed
costs representing 95.2% of total costs. Maintenance
costs  were  significant,  amounting  to  1.32  CNY  per
case,  with  depreciation  costs  adding  another  0.97
CNY  per  case  (Supplementary  Table  S2).  Despite
these  costs,  a  one-factor  sensitivity  analysis
demonstrated  that  prescription  review  costs  are
primarily  affected  by  the  scale  of  application,
maintenance,  and  one-time  investment  costs,  with
sensitivity  coefficients  of  0.82,  0.55,  and  0.40,
respectively  (Figure  2).  This  suggests  that  the
broader  implementation  of  the  AIAPRS  will  lead  to
significant  cost  reductions,  as  unit  costs  decrease
with  scale.  This  observation  is  consistent  with  the
economic principles of scale, wherein expanding the
system’s  use  lowers  the  per-prescription  cost,
making it more cost-effective over time.

Regarding drug costs,  the AIAPRS contributed to
a  monthly  reduction  in  drug  expenses,  with  an
average  decrease  of  7.4,  3.4,  4.4,  and  2.6  CNY  for
each month from March to  June 2023.  The average
drug cost per prescription decreased from 34.8 CNY
to 32.2 CNY over the study period, resulting in a net

reduction  of  5.2  CNY  per  prescription  (Table  1).
These findings are consistent with those of previous
studies  showing  that  AI  can  significantly  reduce
medication  costs  through  better  prescription
practices and reducing unnecessary or inappropriate
medications[9,10].  Moreover,  the  intervention  led  to
total savings of 125,929.4 CNY over the four months,
further demonstrating its cost-effectiveness.

Our  analysis  highlights  that  the  AIAPRS  not  only
reduces  irrational  prescriptions,  but  also  has  a
significant financial impact, making it a cost-effective
solution  for  improving  prescription  quality  at  the
grassroots  level.  The  cost  savings  from  drug
expenses  outweighed  the  technology’s  operational
costs, with a net savings of 2.1 CNY per prescription.
These savings were largely driven by the AI’s role in
optimizing  medication  choices  and  reducing
unnecessary  prescriptions,  confirming  its  economic
viability.  Although  savings  decreased  over  time  as
the  proportion  of  rational  prescriptions  increased,
this  trend  did  not  undermine  the  cost-effectiveness
of  the  AIAPRS.  The  opportunity  costs  remained
stable, and the overall benefits to medication safety
and  prescription  quality  continued  to  outweigh  the
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Table 1. Cost-effectiveness analysis

Month Cost of Prescription Review
(CNY)

Drug Savings by Prescription
(CNY)

Total Saving
(CNY)#

Change Rate of Irrational
Prescriptions (%)*

March 204,829.2 514,804.1 309,974.9 4.7

April 163,375.7 198,813.8 35,438.1 3.3

May 181,985.2 279,699.9 97,714.7 3.6

June 160,862.5 221,452.6 60,590.1 2.4

Average 177,763.2 303,692.6 125,929.4 3.5

　　Note. #total saving = savings by prescription – Cost of Prescription Review; *Change in the proportion of
irrational prescriptions before and after AI intervention in the same month.
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technological  costs  identified  as  the  primary  factors
influencing the economic viability of the technology,
including  implementation  scale  and  initial
investment  costs.  The  principle  of  economies  of
scale  suggests  that  large-scale  implementation
reduces unit  costs.  This  is  critical  for  cost  efficiency,
and  ensuring  an  appropriate  estimation  of  the
service  volume  is  essential  for  maximizing  the
benefits  of  the  technology.  Additionally,  upfront
investments and ongoing maintenance costs,  which,
together,  account  for  a  significant  portion  of  total
expenses,  must  be  carefully  managed.  Exploring
cost-effective  business  models  and  alternative
funding  sources,  such  as  integrating  pharmacy
service  fees,  could  further  reduce  financial  barriers
and promote wider adoption of the AIAPRS.

In  conclusion,  the  AIAPRS  significantly  improves
prescription  quality,  reduces  medication  costs,  and
enhances  medication  safety,  particularly  by
addressing  high-risk  prescriptions.  Although  the
effectiveness  of  the  technology  decreases  slightly
over  time  as  prescribing  practices  improve,  it
remains  a  cost-effective  and  valuable  tool,
particularly  for  grassroots  healthcare  settings  in
underdeveloped areas.

This  study  evaluated  the  implementation  of  an
AIAPRS  in  PHIs  in  an  underdeveloped  region  of
China,  addressing the paucity  of  economic evidence
on its potential to mitigate pharmacist shortages and
enhance  medication  safety.  Our  findings  revealed
that the AIAPRS reduces irrational  prescriptions and
achieves cost-effectiveness, with medication savings
offsetting  technological  expenses.  However,  the
study had the following limitations:  the  observation
period  was  brief,  reliance  on  the  system  by
physicians may increase latent risks in the absence of
pharmacist oversight, and interviews with physicians
and  patients  were  not  conducted,  limiting  insights
into  user  experiences  and  medication-related
concerns.
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