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Abstract

Objectives Standard treatment guidelines improve patient care outcomes. Few studies assess the 
impact of standard treatment guidelines on population-level medicine use indicators in resource 
limited settings in sub-Saharan Africa, where the burden of disease is greatest. The objective of 
this study was to determine the immediate and long-term impact of the national standard treat-
ment guidelines on medicine use indicators at the population-level in Namibia.
Methods An interrupted time-series modeling of the impact of national standard treatment guide-
lines implemented in Namibia in 2011, on population-level medicine use indicators. Antibiotic, gen-
eric and polypharmacy prescribing indicators were abstracted from the national Pharmaceutical 
Information System, over an eight-year period, 2007– 2015. This generated 15-quarterly time 
points. The impact was estimated by changes in trends of the indicators, immediately and after 
the intervention using R-software. The immediate impact was reflected by level change while 
long term impact was determined by trends/quarterly change after standard treatment guideline 
implementation.
Key findings Data points from 522 Pharmaceutical Information System reports from 38 health 
facilities were included. The eight-year period estimates were, 2.9  ± 0.1 medicines prescribed 
per outpatient, 48.1 ± 2.5% of prescriptions had an antibiotic and 74.0 ± 4.2% of medicines were 
prescribed by generic name. Of the 13 regions, 61.3% and 53.8% had a decline in the average 
medicines per prescription and prescriptions with antibiotics respectively, as well as 53.8% of the 
regions had an increase in prescribing of generic medicines immediately after implementation 
of the standard treatment guidelines. Thereafter, quarterly trends in the three indicators did not 
significantly improve after the intervention at national and in all regions, except for generic pre-
scribing in Oshikoto region, 4.5% (95% CI: 2.6 – 6.3%, P < 0.001).
Conclusion Whilst national standard treatment guidelines immediately improved medicine use in-
dicators, it is discouraging that the improvement over time was marginal across regions and was 
not sustained at the national level. Robust point of care interventions is needed for sustained and 
effective implementation of standard treatment guidelines.
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Introduction

Globally, the burden of irrational use of medicines is a consider-
able public health threat, leading to antimicrobial resistance and 
safety concerns.[1, 2] Deaths due to drug resistant infections are pro-
jected to reach 10 million per year by 2050, the majority among 
countries in sub-Saharan Africa.[3] The World Health Organization 
(WHO) estimates that 50% of medicines are used irrationally, par-
ticularly in resource-limited countries in sub-Saharan Africa.[4] This 
is a concern, given a high burden of diseases in sub-Saharan Africa 
against weak health systems.[5] In most resource-limited settings, 
Standard Treatment Guidelines (STGs) are valuable public health 
tools for promoting rational medicine use and access to essential 
medicines.[6–9] The implementation of the WHO essential medicines 
program across the sub-Saharan region since 1977, has scaled up 
the use of national STGs in public healthcare.[4] Consequently, 
Namibia implemented its first comprehensive STGs in 2011 in 
public health facilities.[10, 11] However, despite the wide implemen-
tation of STGs, medicine use remains sub-optimal in sub-Saharan 
Africa, mainly due to limited-resources for implementation.[3, 10, 12, 

13] Sub-optimal medicine use indicators were estimated among 11 
African countries, 3.1 medicines prescribed per outpatient (WHO 
target ≤ 2), 68.0% of medicines were prescribed by generic name 
(target = 100%), 46.8% of prescriptions had an antibiotic (WHO 
target ≤ 25%).[14] This is a concern, given that poor implementation 
of STGs is associated with inappropriate medicine use and health 
outcomes.[3, 13, 15, 16]

Limited studies have assessed the impact of national STGs on 
trends of the three medicine use indicators assessing antibiotic, 
generic and polypharmacy prescribing in sub-Saharan Africa over 
time.[13, 17] We hypothesize that the implementation of national STGs 
in Namibia in 2011 did not significantly improve medicine use in-
dicators over time, given earlier limited compliance to STGs and 
non-alignment between STGs and medicine use indicators.[18]

Methods

Design and population
An interrupted time-series (ITS) analysis of the immediate and 
long-term impact of national STGs on three population-level 
medicine use indicators. Interrupted time-series analysis, a robust 
methodology for evaluating the impact of public health interven-
tions such as STGs, was performed according to the framework 
suggested by Ramsay et al.[19] The primary outcome was change in 
the trend of three medicine use indicators (i.e. rate of antibiotic, 
generic and polypharmacy prescribing). The intervention was the 
implementation of STGs at public health facilities in Namibia in 
2011. For the analysis, one-year lag period was included in the 
sensitivity analysis to allow for the effective implementation of 
the STGs and to detect the impact on medicine use indicators. 
The secondary outcome was the impact of time varying covariates 
such as STG training and patient load or coverage on the trends 
of medicine use indicators after implementation of STGs. The ITS 
analysis included fifteen (15) quarterly time points that consti-
tuted data on medicine use indicators aggregated in the national 
PIS database over an eight-year period, 2007 Q4 to 2014 Q4 by 
Pharmaceutical Services Division of the Ministry of Health and 
Social Services (MoHSS) of Namibia. The PIS quarters are de-
fined according to the Government of Namibia’s calendar where 
quarter 2 (Q2) is July to September and Quarter 4 (Q4) is January 
to March.

Intervention: nationwide implementation of STGs
The intervention/interruption was the implementation of a na-
tionwide standard treatment guideline in public health facilities in 
Namibia from June/July 2011, represented by 2011 Q2 in this study. 
A one-year lag period was considered for effective implementation 
of the STGs. The pre-STG and the post-STG periods consisted of 
seven (2007 Q4 – 2011 Q4) and six (2012 Q2– 2014 Q4) quarterly 
time points respectively. The choice of the number and spacing of the 
time points was determined by the reporting period recommended 
by the MoHSS and WHO for PIS data.

The MoHSS of Namibia implemented its first-ever comprehensive 
national STGs[20] in all public health facilities from 2011 to promote 
rational prescribing and use of medicines. Prior to the implemen-
tation of nationwide STGs, Namibia used the Treatment Manual 
for Clinics and the Pocket Manual for Health Workers published 
in 1992 and 1996 respectively to guide prescribing and dispensing 
of medicines.[20] The Pharmaceutical services division of the MoHSS 
in partnership with a USAID-funded SIAPS project scaled up the 
design, access, training and support supervision to ensure effective 
implementation and use of STGs in all public hospitals. In addition, 
regional and health facility based Therapeutic Committees (TCs) 
supported the implementation of STGs within health facilities and 
regions. The implementation of STGs was supported by the PIS data-
base to monitor medicine use and revision of the Namibia essential 
medicine list to enforce compliance to STGs. The nationwide imple-
mentation of STGs was supported by PIS training to ensure accurate 
collection of data on medicine use. A post-STG implementation as-
sessment in 2012/2013 conducted by the MoHSS in public facilities 
in Namibia showed that STGs had been implemented and used by 
over 1500 health providers countrywide.[16]

Data collection procedure
Data on three medicine use indicators (i.e. polypharmacy, antibiotic 
and generic prescribing) were aggregated every MoHSS second (July 
to September) and fourth quarter (January to March) each year, 
giving a total of 15-time points that were included in the interrupted 
time series regression modelling using R-software. Health facilities 
collect and report PIS data using standardized forms. Subsequently, 
the Division of Pharmaceutical Services of the MoHSS consolidates 
data collected at each facility and region using an electronic database.

The data on three medicine use indicators and covariates were 
retrospectively abstracted from the national PIS database for public 
health facilities across 35 health districts and 13 regions of Namibia. 
In addition, PIS aggregates seven other PIS indicators pertaining to 
pharmaceutical service delivery in public healthcare, which were 
used as covariates. Two of these indicators pertain to the quality of 
health care, i.e. percentage of vital reference materials available at 
the pharmacy, one of which is the STGs; and percentage of thera-
peutics committee meetings held and minuted out of the number 
planned. The other covariates were percentage of pharmacists’ posts 
filled; percentage of pharmacist’s assistant posts filled; the average 
number of prescriptions received at the pharmacy/dispenser/day; 
percentage of medicines actually dispensed; annual expenditure per 
capita for pharmaceutical/clinical supplies and level of health facility 
i.e. hospital/health center.

Data management and analysis
The units of analysis were quarterly reports on three PIS medicine 
use indicators aggregated at public health facilities for the period 
2007 Q4 - 2014 Q4. Prior to analysis, data were assessed for quality 
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(i.e. completeness, accuracy and consistence) and multiple imput-
ations were performed to account for missing data.[21] The primary 
outcome was the immediate and long term impact of the imple-
mentation of national STGs on medicine use indicators. This was 
determined using ITS analyses for changes in three-medicine use 
indicators in terms of level (i.e. immediate change) and long term 
impact (i.e. trends/quarterly change) after STG implementation in 
2011. The study hypothesized that effective implementation signifi-
cantly improved the level and trend change in the three medicine 
use indicators. That is, a decline in the number of medicines per pre-
scription and percentage of outpatient encounters with antibiotics 
decreased and percentage prescriptions of medicines with generic 
names increased. Changes in the observed level and trends were as-
sessed before and after national implementation of the STGs in 2011 
with a one-year lag period (2011 – 2012) considered for effective 
implementation of the STGs in Namibia.

The pre-STGs period covered 2007 Q4 to 2010 Q4, lag phase 
2011 Q2 to 2011 Q4 and post-STG period 2012 Q2 to 2014 Q4. 
The impact of seasonality on trends of the medicine use indicators 
was assessed using the Durbin Watson test and autocorrelation 
was adjusted in the final model using the corARMA function and 

validated using ANOVA of the two models. The final model was 
fitted using generalized least squares (GLS) by maximum likelihood. 
The impact of time varying covariates on trends of the three indi-
cators was determined using ITS regression analyses. In addition, 
bivariate analyses were conducted to compare the medicine use indi-
cators between the pre- and post- STGs implementation periods as 
well as by health facility level and region. The level of significance, 
alpha was set at 0.05 for a 95% confidence interval for all analyses.

Results

The 8-year review period included data for 38 public health facil-
ities in all 35 districts and 13 regions of Namibia; 92% (n = 35) of 
the health facilities were hospitals versus three health centers (HC).

Period estimates of medicine use indicators
The eight-years period estimates of the three medicine use indica-
tors were, 2.9 ± 0.1 medicines prescribed per outpatient, 48.1% ± 
2.5 of prescriptions had an antibiotic and 74.0% ± 4.2 of medicines 
prescribed by generic name (Table 1). None of the 13 regions met 

Table 1 Eight-year period mean estimates of medicine use indicators in Namibia

covariate Medicine use indicators

HF11: Average number of 
medicines per prescription. 
Mean (±SD)

P-value HF12: Percent of 
medicines prescribed by 
generic name. mean (±SD)

P-value HF13: Percent of 
prescriptions with an 
antibiotic. Mean (±SD)

P-value

Target ≤ 2.0; Target = 100%; Target ≤ 25.0%; 

Threshold ≤ 2.5 Threshold ≥ 80.0% Threshold ≤ 35.0%

National rates 2.9 ± 0.1  74.0 ± 4.2  48.1 ± 2.5  
Facility level
 Health Centre 2.9 ± 0.2 0.000* 76.2 ± 12.9 0.012* 50.9 ± 9.0 0.001*
 Hospital 2.9 ± 0.1 73.9 ± 4.2 48.0 ± 2.3
Report period
 Quarter 2 2.8 ± 0.0 0.243 74.9 ± 4.3 0.465 49.3 ± 2.0 0.099
 Quarter 4 2.9 ± 0.1 73.2 ± 4.5 47.1 ± 2.7
Region
 Erongo 2.7 ± 0.2 0.000* 82.6 ± 5.7** 0.000* 48.7 ± 3.3 0.653
 Hardap 3.2 ± 0.6 71.5 ± 8.1 44.5 ± 8.3 
 Karas 2.5 ± 0.2** 74.0 ± 13.2 47.1 ± 16.5
 Kavango 2.8 ± 0.1 86.5 ± 10.2** 50.2 ± 7.7
 Khomas 3.3 ± 0.2  54.8 ± 5.7  45.0 ± 7.2  
 Kunene 3.0 ± 0.2  71.0 ± 9.3  51.3 ± 7.0  
 Ohangwena 3.1 ± 0.3  60.5 ± 9.9  54.8 ± 4.6  
 Omaheke 3.1 ± 0.3  49.4 ± 15.7  47.8 ± 12.2  
 Omusati 2.7 ± 0.3  74.1 ± 6.5  48.8 ± 7.8  
 Oshana 2.6 ± 1.0  66.1 ± 15.6  34.5 ± 15.4**  
 Oshikoto 2.7 ± 0.4  65.8 ± 9.1  54.8 ± 10.5  
 Otjozondjupa 2.6 ± 0.2  84.6 ± 6.0**  41.5 ± 9.1  
 Zambezi 3.2 ± 0.4  91.8 ± 5.6**  50.4 ± 11.8  
Regional trends
 Pre-STG trend
  Decreased (%) 7.7% (n = 1) <0.050 7.7% (n = 1) <0.050 7.7% (n = 1) <0.050
  Increased (%) 0.0% < 0.050 23% (n = 3) <0.050 7.7% (n = 1) <0.050
  No change (%) 92.3% (n = 12) >0.050 69% (n = 9) >0.050 84.6% (n = 11) >0.050
 Post-STG trend
  Decreased (%) 7.7% (n = 1) <0.050 15.4% (n = 2) <0.050 0.0% <0.050
  Increased (%) 15.4% (n = 2) <0.050 7.7% (n = 1) <0.050 30.8% (n = 4) <0.050
  No change (%) 76.9% (n = 10) >0.050 76.9% (n = 10) >0.050 69.2% (n = 9) >0.050

*Statistically significant association (P < 0.05), **indicator within the PIS target/threshold.
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the PIS targets but some regions achieved the threshold for the in-
dicators (Table 1). Of the 13 regions, 1  (7.8% Karas region) met 
the PIS threshold for the average number of medicines per prescrip-
tion, 4 (30.8%, Erongo, Kavango, Otjozondjupa and Zambezi) met 
the threshold for generic prescribing and 1 (7.8%, Oshana) met the 
threshold for antibiotic prescribing (Table  1). The eight-year esti-
mates of the three medicine use indicators were significantly higher 
at hospitals versus health centers (P < 0.05) and varied across the 13 
regions (P < 0.05) (Table 1).

Impact of implementation of STGs on medicine use 
indicators
Figure 1, Tables 2 and 3 show the regression model(s) that estimated 
the immediate impact/change in the three medicine use indicators 
after implementing the STG (β 2) and the quarterly trends in the post-
STG period (β 3).

Impact of STGs on polypharmacy prescribing: 
average number of medicines
Before the STG-intervention, 53.8% (n  =  7/13) regions (Erongo, 
Karas, Kavango, Omaheke, Omusati, Oshana and Otjozondjupa) 
had a declining trend in the average number of medicines prescribed 

per outpatient (Table  2). After the implementation of the STGs, 
though not statistically significant (P > 0.050) it appears there was 
an immediate decline in the average number of medicines per pre-
scription across most regions (61.5%, n  =  8/13), public hospitals 
and health centers (Table 3). Thereafter, the quarterly trend in the 
average number of medicines appears to increase in most regions 
(53.8%, n  =  7/13) and at the hospital and national levels. The 
improvement in quarterly trends was significant for one region, 
Zambezi (P < 0.001). The non-improvement in quarterly trends was 
significant for Omusati and Omaheke regions (P < 0.001), as well as 
the public hospitals (Table 3). After the implementation of the STGs, 
a national steady increase in the average number of medicines pre-
scribed was observed on average 0.03 medicines/quarter though not 
significant (P = 0.065) (Table 3 and Figure 1A).

Impact of national STGs on antibiotic prescribing
Secondly, prior to the implementation of the STGs, 61.5% (n = 8/13) re-
gions (Erongo, Hardap, Karas, Omaheke, Omusati, Oshana, Oshikoto 
and Otjozondjupa) showed a decreasing trend in the percentage of 
outpatient prescriptions with an antibiotic. Immediately after STG im-
plementation, 53.8% (n = 7/13) regions (Erongo, Hardap, Kavango, 
Kunene, Ohangwena, Otjozondjupa and Zambezi) appeared to 

Figure 1 Impact of implementation of STGs on trends of medicine use indicators
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decrease in antibiotic prescribing but this was only significant for the 
Ohangwena region (P = 0.037). Thereafter, the quarterly trend in anti-
biotic prescribing seemed to have increased in most regions (61.5%, 
n = 8/13), at the health center and hospital levels and nationally. The 
increases were significant in Erongo, Hardap, Kavango and Omaheke 
regions, health centers, hospitals and nationally (P < 0.050). The na-
tional percentage of outpatient prescriptions with an antibiotic was ob-
served to increase significantly after STG implementation, on average 
by 1.28%/quarter (P = 0.002) (Table 3 and Figure 1C).

Impact of STGs on generic prescribing
Thirdly, prior to STG implementation, 76.9% (n  =  10/13) of the 
regions (Erongo, Hardap, Karas, Kavango, Ohangwena, Omaheke, 
Omusati, Oshana, Otjozondjupa and Zambezi) had an increasing 
quarterly trend in the percentage of medicines prescribed by generic 
name in outpatient prescriptions. Immediately after STG implemen-
tation, 53.8% (n = 7/13) regions (Erongo, Hardap, Karas, Kunene, 
Oshana, Oshikoto and Otjozondjupa) showed an immediate in-
crease in generic prescribing although this was significant only in 
the Oshikoto region (P < 0.001) Table 2. Thereafter, the quarterly 
trend in generic prescribing increased in 30.8% (n = 4/13) regions 
(Khomas, Omusati, Oshikoto and Zambezi) though significant only 
in Oshikoto (P < 0.001). The non-improvement in quarterly trends 
was significant for Kavango and Oshana regions; health centers and 
nationally (P < 0.050). A steady decrease in generic prescribing was 
observed nationally on average by 2.33% per quarter after STG im-
plementation (Table 3 and Figure 1B).

Impact of time varying covariates on the model on 
the impact of STGs
A regression model of estimates of the impact of time varying 
covariates and level of health facility on the three medicine use in-
dicators showed that both hospital and health centers significantly 

increased the average number of medicines prescribed, with hos-
pitals increasing higher than health centers by 1.2 and 0.2 respect-
ively (P < 0.050). The percentage of medicines prescribed by generic 
name increased by 5.01% with the increase in the percent of medi-
cines actually dispensed and by 1.0% with prescriptions generated 
at the hospital level. The percentage of outpatient prescriptions with 
antibiotics increased by 0.3% with percent of pharmacist’s assistant 
posts filled and by 0.9% with prescriptions from hospitals.

Discussion

The study aimed to determine the immediate and long-term impact 
of the implementation of national STGs in Namibia on three PIS 
medicine use indicators, i.e. polypharmacy, antibiotic and generic 
prescribing in public healthcare in Namibia.

Firstly, the study found that the implementation of comprehen-
sive STGs in Namibia from 2011 did not improve the three medi-
cine use indicators at the national level (Table 2). However, there 
was an immediate improvement in antibiotic prescribing in one 
(Ohangwena) region but this was not sustained. Trend improve-
ments were observed in generic prescribing in one (Oshikoto) region. 
The average number of medicines per outpatient in one (Zambezi) 
region. This is a concern, given that STGs were implemented in 2011 
to foster the rational use of medicines in public healthcare facilities 
in Namibia.[8, 10, 22, 23] One issue may be that prescribers occasionally 
followed the standard treatment guidelines, so that the baseline poor 
performance (of too many medicines, too frequent the prescription 
of antibiotics) was then added to some indicated medicines.

However, the findings concur with post-STG assessment done  in 
2013 that estimated generic prescribing at 81.0%, antibiotic pre-
scribing at 43.9%[16] and sub-optimal compliance to STGs, i.e. 26.2% 
using strict criteria and 55.1% under loose criteria. The non-compli-
ance to STGs existed in public health facilities despite the availability 
of at least an electronic and/or printed copy of the STGs in all health 

Table 2 Immediate impact of national STGs on medicine use indicators

Antibiotic prescribing Polypharmacy prescribing Generic prescribing

Post-intervention level change (β 2) Post-intervention level change (β 2) Post-intervention level change (β 2)

Estimate (95% CI) P-value Estimate (95% CI) P-value Estimate (95% CI) P-value

National (all facilities) 2.66 (0.02, 5.31) 0.076 −0.04 (−0.19, 0.11) ⱡ 0.6137 −1.83 (−10.2, 6.5) 0.676
National (Health centers) 1.45 (−15.0, 17.9) 0.866 −0.23 (−0.82, 0.36) ⱡ 0.4661 −26.83 (−53.2, −0.5) 0.074
National (Hospitals) 2.87 (0.03, 5.7) 0.076 −0.04 (−0.17, 0.10) ⱡ 0.6209 −0.35 (−8.6, 7.9) 0.934
Regions
 Erongo −2.74 (−9.9, 4.4)ⱡ 0.469 −0.3 (−0.8, 0.3)ⱡ 0.385 8.23 (−8.6, 25.0)ⱡ 0.359
 Hardap −8.07 (− 20.2, 4.1)ⱡ 0.222 −0.09 (−1.42, 1.24)ⱡ 0.896 13.10 (−2.8, 29.0)ⱡ 0.138
 Karas 38.94 (7.9, 70.0) 0.033* 0.2 (−0.3, 0.7) 0.394 0.02 (−14.9, 14.9)ⱡ 0.997
 Kavango −2.98 (−11.6, 5.6)ⱡ 0.512 0.03 (−0.42, 0.48) 0.896 −16.55 (−32.1, −1.0)ⱡ 0.063
 Khomas 3.74 (−10.7, 18.2) 0.622 0.09 (−0.46, 0.64) 0.754 −9.20 (−23.8, 5.4) 0.245
 Kunene −4.83 (−17.3, 7.7)ⱡ 0.466 −0.16 (−0.63, 0.31)ⱡ 0.522 9.37 (−18.6, 37.3)ⱡ 0.525
 Ohangwena −10.30 (−18.7, −1.9)ⱡ 0.037* −0.3 (−1.0, 0.5)ⱡ 0.513 −8.44 (−35.6, 18.7) 0.556
 Omaheke 8.03 (− 5.8, 21.9) 0.281 −0.04 (− 0.55, 0.48)ⱡ 0.891 −23.56 (−65.0, 17.9) 0.291
 Omusati 18.37 (1.4, 35.4) 0.060 −0.09 (−0.53, 0.35)ⱡ 0.694 −11.83 (−30.6, 6.9) 0.244
 Oshana 13.05 (−16.5, 42.7) 0.407 −0.6 (−2.7, 1.5)ⱡ 0.603 1.70 (−18.5, 21.9)ⱡ 0.871
 Oshikoto 7.07 (−16.9, 31.1) 0.576 −0.4 (−1.6, 0.7)ⱡ 0.481 31.87 (23.4, 40.4)ⱡ 0.000*
 Otjozondjupa −8.60 (−34.5, 17.3)ⱡ 0.529 0.2 (−0.4, 0.8) 0.564 1.84 (−16.9, 20.6)ⱡ 0.851
 Zambezi −18.51 (−37.1, 0.1)ⱡ 0.079 0.6 (−0.31, 1.42) 0.239 −11.1 (−26.6, 4.5) 0.192

Linear regression modelling; *(P < 0.05)-Statistically significant; CI: confidence interval. Durbin Watson statistic for average number of medicines  = 2.04 
(lag = 1, P = 0.242); Durbin Watson statistic for percent of medicines prescribed by generic name = 2.49 (lag = 1, P = 0.894); Durbin Watson statistic for percent 
of outpatient prescriptions with an antibiotic = 3.37 (lag = 1, P = 0.024). ⱡ Indicator improved.
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facilities assessed and awareness/training having been conducted for 
health care workers.16 Similarly, studies by Dogan et al., Gasson et al. 
and Pereko et al. reported limited compliance to treatment guidelines 
by health workers; [24–26] and explains the limited or no impact of STGs 
on medicine use indicators. This necessitates implementation of point 
of care interventions and research to foster the implementation of 
up-to-date and usable forms of STGs in clinical care.

Secondly, the eight-year period estimates for the three-medicine 
use indicators were outside the national PIS/WHO targets. The study 
found a high number of medicines prescribed per outpatient (~3), 
above the WHO target of 2.0. Studies in other resource-limited set-
tings in Ethiopia[27] and Pakistan[23] report lower rates of 2.2 and 
2.3 medicines per prescription, but a study in Nigeria reports more 
medicine per prescription (5.8) compared to our study.[28] Moreover, 
the WHO estimated the burden of overprescribing among LMICs at 
6.1 medicines per prescription and irrational prescribing of medi-
cines at 50%.[11, 29] This is a major public health concern, given that 
unnecessary use of medicines depletes the limited-resources, leads 
to wastages, increases pill burden as well as untoward effects such 
as antimicrobial resistance in case of antibiotics.[22, Thirdly, in this 
study, the rate of antibiotic prescribing in public healthcare was al-
most double the WHO target (i.e. 48.1%, WHO ≤ 25%). Also, the 
study reported a significant increase in the quarterly trends of out-
patient prescriptions with an antibiotic over the eight-years of re-
view. Similar studies in LMICs report even higher rates of antibiotic 
use; 82.5% in Ethiopia, 66% in Sudan, 58.1% in Ethiopia, 39.6% in 
Pakistan and 52.4% in Pakistan.[23, 27, 31–34] Bagger et al. estimated the 
burden of unnecessary antibiotic prescribing in URTI at 45%, which 
are majorly viral in nature.[35] Similarly, antibiotic overuse remains 
high among developed countries such as the United States, Greece, 
France and Italy where the burden was estimated at over 25 defined 
daily dose (DDD) per 1000 inhabitants per day (DID).[36]

The high rate of antibiotic prescribing across LMICs and de-
veloped countries is a threat to global public health; given that the 

indiscriminate use of antibiotics is the main risk for the global epi-
demic, antimicrobial resistance and increases costs of health care.[30, 32] 
Studies in Namibia attribute the high rates of antibiotic use to limited 
implementation of antimicrobial stewardship interventions in public 
health facilities; [37] poor implementation and compliance to STGs,[16] 
non-alignment between STGs and essential medicines list for cotri-
moxazole, amoxicillin and azithromycin.[15] Moreover, post-STG im-
plementation assessment revealed that compliance of prescribers to 
treatment guidelines was limited.[16] This calls for the strengthening of 
antimicrobial stewardship in outpatient care in public health facilities. 
For instance, the United Arab Emirates reported lower rates of anti-
biotic prescribing estimated at 9.8%; [38] this can be achieved through 
the implementation of stringent inter-professional and multi-sectoral 
antimicrobial stewardship and awareness programs as recommended 
by WHO.[39–41]

Fourthly, for the eight-year review period, the rate of prescribing 
by generic names was low compared to the WHO and national targets 
(74.0% vs 100%). Furthermore, the rate of generic prescribing signifi-
cantly declined by 2.2% every quarter for the eight-year review period 
(P = 0.040). Similar studies in Ethiopia[31] and WHO[29] in LMICs es-
timated generic prescribing in public healthcare at 97% and 69.8% 
respectively, and in Pakistan at 83.1%.[42] The WHO recommends 
the use of generic names of medicines in public healthcare to improve 
compliance with standard treatment guidelines and reduce healthcare 
expenditure.[43] The decline is generic prescribing after the implemen-
tation of the STGs is a concern and calls for review of the medicines in 
the STGs/essential medicines list to include generic names. In Namibia, 
the decline in the prescribing of generic medicines may be explained by 
the buy-out system employed at public health facilities; i.e. prescribers 
can request to buy a ‘non-generic’ medication for particular patients if 
not listed in STGs. Such processes are potential for manipulation from 
medicine sales/promotion activities reported in other studies. Or per-
haps the implementation of STGs did not improve prescribers’ practice 
in terms of generic prescribing and consequently this PIS indicator.

Table 3 Long term impact of implementation of national STGs on medicine use indicators

Antibiotic prescribing Polypharmacy prescribing Generic prescribing

Post-intervention trend change (β 3) Post-intervention trend change (β 3) Post-intervention trend change (β 3)

Estimate (95% CI) P-value Estimate (95% CI) P-value Estimate (95% CI) P-value

National (all facilities) 1.28 (0.7, 1.9) 0.002* 0.03 (0.002, 0.07) 0.065 −2.22 (−4.1, −0.4) 0.040*
National (Health centers) 4.30 (0.6, 8.0) 0.047* −0.10 (−0.23, 0.03)† 0.153 −8.61 (−14.4, −2.8) 0.016*
National (Hospitals) 1.07 (0.4, 1.7) 0.008* 0.04 (0.01, 0.07) 0.015* −1.85 (−3.7, −0.03) 0.073
Regions
 Erongo 2.14 (0.5, 3.7) 0.025* 0.08 (−0.04, 0.20) 0.236 −1.41 (−5.1, 2.3) 0.472
 Hardap 7.08 (4.3, 9.8) 0.000* 0.03 (−0.27, 0.33) 0.847 −2.24 (−45.8, 1.3) 0.241
 Karas −4.29 (−11.3, 2.7)† 0.257 0.07 (− 0.04, 0.18) 0.238 −3.74 (−7.0, −0.5) 0.050
 Kavango 3.23 (1.3, 5.2) 0.008* 0.04 (− 0.06, 0.14) 0.407 −7.99 (−11.4, −4.5) 0.001*
 Khomas −2.33 (−5.6, 0.9)† 0.189 − 0.03 (− 0.15, 0.09)† 0.634 1.97 (−1.3, 5.2)† 0.259
 Kunene − 0.25 (− 3.1, 2.6)† 0.867 −0.11 (−0.21, −0.004)† 0.070 − 1.59 (− 7.8, 4.6) 0.625
 Ohangwena −1.52 (−3.4, 0.4)† 0.151 − 0.06 (−0.22, 0.11)† 0.508 −2.45 (−8.5, 3.6) 0.442
 Omaheke 4.92 (1.8, 8.1) 0.011* 0.14 (0.03, 0.26) 0.032* −9.24 (−18.4, −0.1) 0.076
 Omusati 2.44 (−1.3, 6.2) 0.234 0.3 (0.2, 0.4) 0.000* 1.97 (−2.2, 6.1)† 0.372
 Oshana 4.33 (−2.2, 10.9) 0.224 0.5 (0.01, 0.93) 0.074 −7.83 (−12.3, −3.4) 0.006*
 Oshikoto −2.38 (−7.7, 3.0)† 0.403 −0.1 (−0.4, 0.1)† 0.309 4.47 (2.6, 6.3)† 0.000*
Otjozondjupa 3.21 (−2.5, 8.9) 0.297 −0.05 (−0.19, 0.10)† 0.539 −2.27 (−6.4, 1.9) 0.309
Zambezi 1.71 (−2.5, 5.9) 0.447 −0.24 (−0.43, −0.05)† 0.034* 0.51 (−2.9, 3.9)† 0.778

Linear regression modelling; *(P < 0.05)-Statistically significant; CI: confidence interval. Durbin Watson statistic for average number of medicines = 2.04 
(lag = 1, P= 0.242); Durbin Watson statistic for percent of medicines prescribed by generic name = 2.49 (lag = 1, P = 0.894); Durbin Watson statistic for percent 
of outpatient prescriptions with an antibiotic = 3.37 (lag = 1, P= 0.024). †Indicator improved.
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The study concludes that the implementation of the Namibia 
standard treatment guidelines in public healthcare did not improve 
national medicine use/indicators. There is a need to assess the bar-
riers towards effective implementation of STGs. This may require 
interventions to strengthen the point of care compliance to STGs, 
alignment of STGs with essential medicines list and PIS indicators, 
use of electronic platforms to increase access to and utility of STGs 
and validate the current indicators. In addition, the MoHSS should 
evaluate current STGs-related strategies and interventions to foster 
compliance at points of care; such as review and update the STGs 
through a nationwide stakeholder engagement towards comprehen-
sive, simplified and usable guidelines. Collaborative efforts between 
the MoHSS, donor-funded projects, academic institutions are needed 
to create awareness, build capacity through continued professional 
education of healthcare workers,[44] on STGs, regularly monitor com-
pliance through annual medicine use assessments and pre-service 
training. More importantly, the MoHSS should utilise PIS informa-
tion to provide targeted interventions for improving medicine use.

We acknowledge that this study has limitations. This was a 
population-based study and no patient level data were collected. 
Nevertheless, we believe that robust methods were used to assess 
a nationwide intervention and are the first study to model the im-
pact of the implementation of a national STG in the sub-Saharan 
Africa region. The findings provide implications for strengthening 
the implementation of STGs and medicine use programs to improve 
outcomes.
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