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Abstract

Purpose This meta-analysis aims to find out the impact of pharmacists on clinical outcomes of anti-
microbial stewardship (AMS).
Method Articles were searched and analyzed based on quality assessed through the JSM quality 
assessment tool to filter articles with a low level of bias. Two thousand three hundred sixty articles 
were reviewed for initial screening and 28 articles were included for critical analysis. Statistical 
analysis used to risk ratio (RR) and standard mean differences calculated using Review manager 
5.4. Confidence intervals (CI 95%) were calculated using the fixed-effect model. The I2 statistic 
assessed heterogeneity. A random-effect model performed in the case of statistical heterogen-
eity, subgroup and sensitivity analyses. The primary outcome is mortality and inappropriateness, 
whereas the secondary outcome is cost, readmission, length of stay, consumption and duration 
of therapy.
Result A detailed review and analysis of 28 AMSs programs led by pharmacists showed low in-
appropriateness with pharmacist versus without pharmacist RR = 0.36 with 95% CI of (0.32 to 0.39) 
and mortality RR is 0.68 with 95% CI of 0.59 to 0.79. Secondary outcomes such as consumption, 
length of stay, duration of therapy and cost are standard mean  difference of −1.61 with 95% CI 
(−1.72 to −1.50), −0.58 with 95% CI (−0.62 to −0.53), −0.95 with 95% CI (−1.01 to −0.89) and −0.99 
with 95% CI (−1.12 to −0.86), respectively, whereas for 30 days  readmission is RR = 0.81 with 95% 
CI (0.70 to 0.93).
Conclusion AMS with pharmacist effectively reduces mortality, inappropriateness, cost, length of 
stay, duration of treatment, consumption of antimicrobials and the return rate to hospital. So it is 
suggested pharmacists should lead or play a vital role in antimicrobial stewardship programs to 
get better outcomes.
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Introduction

Antimicrobial stewardship programs (ASPs) around the globe help 
to reduce antimicrobial resistance (AMR). The complete definition 
of ASPs is as a set of coordinated interventions aimed at improving 
the appropriate use of antimicrobials in terms of regimen, dose, dur-
ation and route of administration, with the ultimate goal of lim-
iting the damage resulting from antimicrobial overuse.[1, 2] The search 
term ‘(antimicrobial OR antibiotic) AND stewardship’ first appeared 
on Pubmed in 1996, increasing year by year, such as 10 in 2005, over 
50 per year in 2008 and over 100 per year in 2011.[3]

ASPs have various positive outcomes that attract the researchers 
and the whole medical team to develop and run the stewardship 
in their respective hospitals. Stewardship programs effectively re-
duce inappropriate antimicrobial use, improve patient outcomes 
and limit[4] the emergence of resistance. Higher burden of bacterial 
infection, health policy has traditionally emphasized resistance,[5] 
curtailing antibiotics and the spread of hospital-acquired difficile,[6] 
Clostridium and methicillin-resistant staphylococcus aureus.[7] In 
addition, it helps to reduce cost, length of stay, inappropriate pre-
scribing, duration of treatment, antibiotic consumption, mortality 
and the return rate to the hospital.

The pharmacist plays a crucial role in healthcare setup and can 
be a game-changer in stewardship programs. Studies show that sig-
nificant improvements were seen in guideline-concordant antibiotic 
selection 80.2%, dose 86.2% and duration of therapy 86.2% with 
the help of a pharmacist.[8] Another study concluded that an inex-
pensive program, in collaboration with infectious disease (ID) phys-
ician and pharmacist, may help in a more rational prescription of 
antimicrobial drugs, save cost and help to reduce the resistance.[9] 
Cost reduction with pharmacist-led antimicrobial stewardship 
(AMS) shows better results as average antibiotic costs per patient 
before and after stewardship decreased from $1265.81 to $592.08, 
a 53% savings.[10] This systemic review and meta-analysis aimed to 
evaluate the impact of pharmacists on clinical outcomes of AMS.

Methods

Our methodology adheres to the PRISMA guidelines (see PRISMA 
checklist: Appendix 1)

Data sources
AMSs were identified by searching: Pubmed, Embase and Elsevier. 
We included all stewardships, with English language restriction, pub-
lished from 2012 to 2020. Keywords used were: ‘antimicrobial stew-
ardship,’ ‘antibacterial stewardship,’ ‘mortality,’ ‘appropriateness,’ 
‘led by pharmacist,’ ‘pharmacist,’ ‘rational prescribing,’ ‘antifungal 
stewardship,’ ‘impact of pharmacist,’ ‘impact on cost,’ ‘outcomes 
of stewardship,’ ‘hospital readmission,’ ‘antibiotic consumption.’ 
We restricted our search to primary literature, systematic reviews 
and meta-analyses and all other types of reviews were excluded. We 
manually searched the reference lists of systematic reviews were re-
viewed to identify potential studies.

The search strategy is illustrated in the search database and key-
words supplementary file.

Study selection
We included primary literature on all types of ASPs (antibiotics, 
antifungal, antiviral) led by the pharmacist, whether retrospective, 
prospective or quasi-experimental studies included. Dichotomous 
results were extracted from the AMS program with pharmacists 

compared with the pre-antimicrobial stewardship (pre-AMS) pro-
gram without pharmacist. The review articles, abstracts only without 
complete data, studies in language other than English, and steward-
ship programs other than antimicrobial were excluded.

Two investigators independently assessed eligibility (R.K.M. and 
M.J.A.). In case of discrepancy, a third observer adjudicated the eli-
gibility (S.W.G. or S.M.G.). The extraction forms and the risk of bias 
assessments are attached as a supplementary file.

Quality assessment
Two authors (R.K.M.  and M.J.A.) independently assessed trial 
quality. Internal validity was analyzed with the JSM quality assess-
ment tool. Scale items numbered from 1 to 12. Quality parameters 
ranging from objectives to statistical analysis. Adding scores for each 
criterion together and divide by 12 will provide the risk of bias rating 
(Low (75%–100%), Moderate (25%–75%) or High (0%–25%)). 
These articles rated according to methodological quality: high, mod-
erate or low.

Outcomes
Primary outcomes were 30 days mortality and inappropriate anti-
microbial prescribing. Secondary outcomes were cost calculation, 
30 days readmission (or return to the hospital within 30 days), dur-
ation of therapy in days, consumption of antimicrobials in defined 
daily dose (DDD) and length of stay in hospital in days.

Two reviewers (R.K.M. and M.J.A.) independently extracted the 
data for all the outcomes of interest.

Principal summary measures and statistical analyses by using 
Revman software version 5.4 (www.cc-ims.net/revman). The statis-
tical analysis of the data was performed in RevMan software.

Evidence synthesis and analysis
We calculated risk ratios (RR) and standard mean differences with 
95% confidence intervals (95% CI) for all studies using the fixed-
effect model in the first approach. Heterogeneity was investigated 
with the I2 statistic. It measures the proportion of overall variation 
attributable to between-study heterogeneity. I2 values of 25%, >50% 
and >75 % refer, respectively, to a low, substantial and considerable 
degree of heterogeneity. In statistical heterogeneity, we tried to ex-
plain this with subgroup and sensitivity analyses than with funnel 
plot. Statistical significance was defined with an α threshold at 0.05.

Results and Findings

General characteristics
A total of 2360 articles were searched after removing duplication 
from Pubmed, two from Embase and Elsevier. Nine hundred one 
articles were excluded based on abstract and 1346 based on the title 
(Figure 1). One hundred ten were enrolled and studied thoroughly. 
Out of 110 23 included in the meta-analysis, 67 are excluded due to 
unavailability of complete data or outcome requirement and stew-
ardship other than pharmacist with the physician. Twenty-three 
studies further reviewed and five included in the meta-analysis, so 
finally, 28 included (Table 1).[11–38]

Quality assessment
Quality assessment performed using JSM as a quality assessment tool 
for all of the studies run and included studies have a low or medium 
level of bias. Quality assessment details attached as supplementary 
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documents with all elements. Articles assessed in detail with purpose, 
methodology, results and discussions (Table 2).

Inappropriateness
Fourteen out of twenty-eight AMSs led by a pharmacist in the last 
8 years discusses the appropriate antibiotic therapy. We have found 
all 14 studies show the positive outcome of reducing inappro-
priate antimicrobial prescribing, as shown in Figure 2. The risk 
of inappropriate prescribing of antimicrobials is less in AMS with 
pharmacist than pre-AMS without pharmacist. Total inappropri-
ateness in AMS with the pharmacist is 423/3560, whereas in pre-
AMS without pharmacist is 1492/4421. Pooled RR  =  0.36 with 
95% CI =  (0.32 to 0.39). The test with the overall effect is 21.27 
(P < 0.00001). Heterogeneity calculated at about I2 = 91%. A funnel 
plot was used to reduce the bias, as shown in supplementary Figure 
2s. Inappropriateness reduced to I2 = 39%.

Mortality
Thirteen out of 28 studies have reported the impact of stewardship-
led pharmacist on mortality among the patients. Figure 2 shows that 
mortality rates are less in AMS led by pharmacist than to pre-AMS 

without pharmacist. Three out of 13 studies are not favouring AMS 
with the pharmacist in case of mortality risk. The pooled effect is 
325 patients death out of total 3027 reported in group pre-AMS 
without pharmacist compared with AMS with the pharmacist is 292 
patient deaths reported out of 3402. RR is 0.68 with 95% CI of 
(0.59 to 0.79; Figure 3). The overall effect is 5.07 with (P < 0.0001), 
heterogeneity is 67%. Heterogeneity is reduced to 41% with sub-
group analysis and publication bias with the help of a funnel plot, as 
shown in Figure 3s.

Impact on cost
AMS can help to reduce the cost of treatment as we have evalu-
ated the cost reduction in AMS with pharmacist versus pre-AMS 
without pharmacist. The standard mean difference was calculated 
using Review manager 5.4 and results show a positive impact of 
pharmacist in cost reduction as shown in Figure 4. Six out of 28 
articles calculated the cost difference and found a positive effect 
of pharmacist −0.99 95% CI (−1.12 to −0.86) with over effect 
Z = 14.87 (P < 0.00001), but with higher heterogeneity I2 = 98%. 
Heterogeneity reduced to 0% with the help of the funnel plot, as 
shown in Figure 4s.

Figure 1 PRISMA diagram of studies included in the meta-analysis.
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Length of stay
Twelve articles out of 28 were analyzed and found 1 article 
(Arensman et al. 2020) not in favor, but the rest all are in favor of 
AMS with the pharmacist. Length of stay calculated in the number 
of days using Review manager 5.4, standard mean difference cal-
culated among AMS with the pharmacist compared with pre-AMS 
without pharmacist as shown in Figure 5. Standard mean difference 
value is −0.58 with 95% CI (−0.62 to −0.53). Overall Z = 25.03 
(P  <  0.0001). Heterogeneity I2  =  98%. Heterogeneity reduced by 
subgroup analysis and a funnel plot drawn, as shown in Figure 5s.

Return rate within 30 days to a hospital
The impact of pharmacist with AMS calculated through Review 
manager 5.4 as a risk ratio. Eight articles out of 28 discuss the hos-
pitalization within 30 days. Pool analysis shows 288 out of 2148 

patients return to the hospital in 30 days in AMS with a pharmacist, 
while 368 out of 2341 patients return to the hospital in 30  days 
in pre-AMS without a pharmacist. The risk of return to the hos-
pital within 30 days in AMS with the pharmacist is lesser than pre-
AMS without a pharmacist. RR = 0.81 with 95% CI (0.70 to 0.93). 
Heterogeneity I2 = 60%. Figure 6 shows the impact.

Duration of treatment
Eight articles out of 28 articles showed the impact of pharmacist 
on the duration of treatment. Impact of pharmacist calculated as 
the standard mean difference in duration of treatment is calculated 
through Review manager 5.4 and found significant results. Figure 
7 shows that all eight studies show a positive impact of pharmacist 
on the duration of treatment, as the duration of treatment decreases 
in AMS with the pharmacist compared with pre-AMS without 

Figure 2 It shows the 14 AMS results for inappropriate antimicrobial prescribing.

Figure 3 It shows the 13 articles AMS with pharmacist impact on mortality.

Figure 4 It shows the six articles AMS with pharmacist impact on mortality.
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pharmacist. Standard mean difference is −0.95, 95% CI (−1.01 to 
−0.89). Overall value effect Z = 32.15 (P < 0.0001) with the hetero-
geneity of 97%. High heterogeneity can be reduced with the biased 
publication that is corrected with subgroup analysis through funnel 
plot as shown in Figure 7s.

Consumption of antimicrobials
Articles with consumption calculated in days of therapy (DOT) 
per 1000 days only included. Five studies out of 28 show a posi-
tive impact of pharmacist with AMS as compared with the pre-AMS 
without pharmacist. Consumption of antimicrobials calculated 
through Review manager 5.4 and assessed with a standard mean 
difference and found that standard mean difference of −1.61 with 
95% CI (−1.72 to −1.50). Overall effect Z = 29.37 (P < 0.00001). 
Heterogeneity is very high 100%, as consumption of antimicrobial 
can vary from treatment to treatment. But the overall effect is in 
favor of AMS with the pharmacist, as shown in Figure 8.

Discussion

The inappropriateness of antibiotics practice is the main reason be-
hind resistance, cost, mortality and length of stay. Stewardship pro-
grammes run to reduce inappropriate antibiotic prescribing. In our 
previous systematic review, we have discussed many antibiotic pre-
scribing patterns in outpatient in the Gulf region.[39] There is a need 
to reduce inappropriateness through AMS and pharmacist can play a 
vital role in stewardship programs. One study shows that antibiotic 
change occurred in ≤2 hours in more patients in the pharmacist inter-
vention group (28% versus 10.5%, P = 0.0002) with the help of rapid 
testing.[40] This meta-analysis fully supports that pharmacist-led AMSs 
can help to reduce the inappropriate prescribing of antimicrobials.

Mortality can reduce with help of AMS. If we compare mortality 
in AMS with pharmacist versus pre-AMS without pharmacist, we 
can understand that pharmacists have a positive impact on reducing 
mortality. Three out of 13 studies in this meta-analysis shows that 
the mortality rate is not significant.[11, 13, 21] The insignificance can 
vary because of the style of research, antimicrobials, sample size 
and infection related. The author, in one study, has explained the 
mortality rate as considering the high mortality rate is associated 
with Gram-positive bacteremia and potential ethical conflict of with-
holding rapid identification, so the author has decided to follow a 
specific design to reduce the patient harm.[40] But overall, 10 studies 
are in favor of AMS pharmacist and the overall effect is significant.

Cost reduction is one of the best tools to find the efficacy of any 
sort of stewardship. AMS led by a pharmacist can have a positive 
impact on cost. Six out of six studies shows the positive effect of 
pharmacist on price. Still, the heterogeneity level is very high, and 
heterogeneity can be explained due to different research in different 
countries with the other type of stewardship. The cost of treatment 
also varies from region to region. Cost reduction explained by one 
study of up to 69% in stewardship with the pharmacist.[9] Whereas 
in another study, pharmacist helps reduce the prophylaxis treatment 
of Respiratory Syncytial Virus by following exact inclusion and ex-
clusion criteria followed by the American Academy of Pediatrics 
(AAP) and reduced to cost $191,034 on palivizumab during the 
2013–2014 academic year versus $29,983 2014–2015.[41]

Length of stay in hospital can reduce with reasonable measures 
and ASPs, so it is an outcome. AMS with the pharmacist can help to 
reduce the length of stay of the patient in the hospital. One study out 
of 12 is not in favor of AMS with the pharmacist. Length of stay is 
significant in 11 studies and 1 shows insignificant results. High het-
erogeneity as the length of stay may vary with the type of infection 
or type of study. As the author mentioned, complicated bacteremia 

Figure 5 It shows the 12 articles AMS with pharmacist impact on the length of stay in hospital.

Figure 6 It shows the eight articles AMS with pharmacist impact on the patient's return to the hospital in 30 days.
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and metastatic sites of infection may require more extended hospital 
stay to obtain source control.[11] The same type of results explained 
as patients with uncomplicated bacteremia in their study of a suc-
cessful AMS intervention for Staphylococcus aureus bacteremia.[42]

Hospitalization within 30 days is an essential outcome of ASPs, 
as it shows the complete recovery of the patient from the infection, 
without relapse and reinfection. One study out of eight shows that 
the return rate to the hospital within the last 30 days increases in 
AMS with pharmacist, while all other show that return rate de-
creases. This study,[30] carbapenem de-escalation with the help of a 
pharmacist showed no association with readmission, however an-
other study reported negative cultures in patients with nosocomial 
pneumonia with pharmacist interventions.[43] Heterogeneity was al-
ready low, near 60%. But the overall result shows that readmission 
or hospital return rate decreases in ASPs led by pharmacists.

Duration of treatment in days also used to measure the outcome 
of the ASP. Consumption should be controlled or reduced to reduce 
the cost of treatment. The overall effect of a cost reduction will be 
significant. Eight articles discussed the course of treatment, and all 
eight reports show the favour for AMS with the pharmacist. Another 
study shows how pharmacist intervention treatment recommenda-
tions provided by ASP pharmacists included selecting antimicrobial 
agent, dosing, formulation and duration of therapy.[44] Many infec-
tions treated for 10 or 14  days will respond to shorter antibiotic 
courses, including most uncomplicated skin/soft tissue infections, 
pneumonia and urinary tract infections.[45]

Consumption of antibiotics calculated in DDD or DOT. One 
article found with DDD per 100 days and five reports with DOT 
per 1000 days are searched and analyzed. Consumption for meta-
analysis we use five articles of DOT per 1000 days. Consumption of 
antimicrobials has an impact on cost and considered an outcome of 
stewardship. Stewardship led by pharmacist shows a positive reduc-
tion in consumption of antimicrobials. Heterogeneity is 100% be-
cause of difference in treatment, type of study and type of infection. 

A study conducted in Brazil shows that comparing stage 1 and 3, 
there was a significant reduction of 25% in antimicrobial consump-
tion after implementation of ASP.[9]

Other factors that can indirectly impact AMS are the insurance 
policy, hospital policy and guidelines and infection control policies 
that may hurt our outcomes. These are the significant limitations 
that can change the clinical effects of AMS and address before 
starting the study.

Conclusion

This evidence synthesis meta-analysis concluded that AMSs led by 
pharmacist shows significant reduction and improvement of clin-
ical outcomes. Furthermore, the pharmacist-led AMS program 
not only reduces mortality or inappropriateness of antimicro-
bial prescribing but also helps in the reduction of treatment cost, 
duration of treatment as well as the decrease in consumption of 
antimicrobials.

Supplementary Material

Supplementary data are available at Journal of Pharmaceutical 
Health Services Research online.
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