2026, Vol. 11, No. 1, pp. 31-39
https://doi.org/10.11648/j.hep.20261101.13

International Journal of Health Economics and Policy @ Sci PC
cience

Science Publishing Group

Research Article

Cost-effectiveness Analysis of the PUSH Model for Health-
commodity Supply-chain Management in Couffo
Department, Benin

Lamidhi Salami® ™ ©, Petronille Acray-Zengbe? @, Colette Azandjeme! @,
Patrick Charles Makoutode! ©, Chekina Elysee Eyitayo Atindehou?,
Yafou Mauricette Ursule Makin! @, Charles Sossa Jerome! ©,

Ghislain Emmanuel Sopoh?

'Regional Institute of Public Health, University of Abomey-Calavi, Ouidah, Benin
2National Institute of Public Hygiene, Felix Houphou&-Boigny University, Abidjan, Cote d’Ivoire

Abstract

Introduction. In resource-limited countries, the performance of health-commodity supply chains is a critical determinant of
access to care. Despite the documented operational advantages of the PUSH logistics model (push-based flow), its comparative
economic assessment against the traditional PULL model (pull-based flow) remains limited, depriving decision-makers of robust
evidence for optimal investment choices. Methods. A retrospective differential cost-effectiveness analysis was conducted over
six months in Couffo Department, Benin. Two comparable health zones applying respectively the PULL model (ADD zone) and
the PUSH model (KTL zone) provided a quasi-experimental framework. Direct, indirect and opportunity logistics costs were
micro-costed for 32 health centres. The primary outcome was measured by the availability rate of essential commodities.
Incremental cost-effectiveness ratios (ICERs) were calculated, and sensitivity analyses tested the robustness of the results.
Results. The PUSH model reduced total logistics costs by 87.8% compared with the PULL model, driven by substantial transport
optimisation (a 77% reduction in cost per kilometre) and the near-elimination of economic losses associated with stock-outs
(USD 7,333 saved). Concurrently, it improved product availability from 94.16% to 98.80%, shortened delivery lead times, and
increased stakeholder satisfaction. The ICER for availability was negative (-USD 0.40 per percentage point gained), confirming
that PUSH is a dominant strategy (less costly and more effective). This conclusion remained robust across all sensitivity-analysis
scenarios. Conclusion. This study provides empirical evidence that the PUSH model is economically dominant over the PULL
model in the Beninese context. Its large-scale deployment represents a high-return strategic investment, enabling optimal
resource allocation to strengthen health-system resilience and progress towards universal health coverage.
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1. Introduction

The performance of health-commodity supply chains is a
critical determinant of health-system effectiveness, particu-
larly in resource-limited settings where it directly conditions
access to essential care [1]. In such contexts, recurrent stock-
outs of medicines, vaccines and medical supplies not only dis-
rupt continuity of care but also generate substantial costs in
terms of avoidable morbidity and mortality and economic in-
efficiency [2, 3]. Optimising health logistics therefore repre-
sents a major strategic lever for achieving universal health
coverage [4].

In response to these challenges, two organisational para-
digms primarily structure supply-chain management: the
PULL model (pull-based flow), driven by demand expressed
by health facilities, and the PUSH model (push-based flow),
based on centralised planning and distribution according to
forecasted needs [1, 5]. While the operational literature docu-
ments the advantages of the PUSH model in improving prod-
uct availability and reducing stock-outs [6-8], comparative
economic evidence remains limited and heterogeneous, de-
spite the existence of cost and efficiency studies in sub-Sa-
haran Africa [9-11].

This gap persists even though health decision-makers, op-
erating under extremely constrained budgets, have an impera-
tive need for robust evidence on the cost-effectiveness of lo-
gistics investments [1, 12].

In Benin, Couffo Department, where both models are imple-
mented within the supply chain, constitutes a unique opera-
tional setting for health logistics. Previously covered exclu-
sively by the PULL model, the department has introduced the
PUSH model in recent years, in line with national last-mile sup-
ply-chain guidelines [13]. This configuration provides an op-
portunity to isolate and measure the specific effect of the PUSH
model on supply-chain performance and costs.

The present study seeks to address this evidence gap by
conducting a rigorous differential cost-effectiveness analysis
of the two models. By quantifying and comparing logistics
and opportunity costs alongside their outcomes for the system
and stakeholders, this research provides essential evidence to
guide optimal resource allocation and health-system strength-
ening in sub-Saharan Africa.

2. Methods

2.1. Conceptual Framework and Study Design

This study is a retrospective differential cost-effectiveness
analysis conducted in Couffo Department, Benin. It adopts a
comparative approach between two similar health zones, one
implementing the PUSH model (KTL zone) and the other the
PULL model (ADD zone), thus providing a quasi-experi-
mental framework to assess the economic impact of the two
logistics strategies. The conceptual model is based on Dona-
bedian’s analytical framework (Inputs—Processes—Outcomes),
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adapted to the economic dimensions of the supply chain. The
primary analytical perspective is that of the health system,
with a complementary assessment of costs borne by health fa-
cilities (administrative perspective). The six-month time hori-
zon of the analysis (September 2024 to February 2025) was
considered sufficient to capture supply cycles and seasonal
variations, based on an empirical review of national logistics
data and discussions with stakeholders.

2.2. Study Setting and Population

The study was conducted in two health zones of Couffo De-
partment:

ADD Zone (Aplahoue—Djakotomey—Dogbo): applying the
PULL model and used as the comparison group;

KTL Zone (Klou&anmeé-Toviklin-Lalo): applying the
PUSH model and used as the intervention group.

These zones have comparable demographic, geographic
and socio-economic characteristics, which helps minimise
confounding bias in the comparative analysis. There were no
major concurrent interventions during the survey period. The
study population consisted of public primary health facilities
(health centres) and their zonal distribution depots (DRZS).
Simple random sampling was used to select 16 health centres
in each zone, yielding a total of 32 facilities.

2.3. Data Collection

Data were collected between March and April 2025 through
triangulation of sources and methods.

Direct logistics costs were obtained from accounting rec-
ords and expenditure sheets of health centres and DRZS using
a standardised extraction grid (September 2024-February
2025). Opportunity costs were estimated through interviews
and time-motion observations using a semi-structured guide
and observation forms.

Effectiveness indicators were derived from SIGL/e-SIGL
stock records and activity reports using an audit grid for the
same period. Stakeholder satisfaction was collected using a
Likert-scale questionnaire, while contextual data were ob-
tained from in-depth qualitative interviews with key actors.

2.4. ldentification, Measurement and Valuation
of Costs

Costs were identified using a micro-costing approach. They
were valued in CFA francs (FCFA) and converted into US
dollars (USD) to facilitate international comparisons (ex-
change rate: 1 USD = 600 FCFA).

Costs were classified into four categories. Direct opera-
tional costs included transport (vehicle hire and fuel), staff
mobilisation (per diems and overtime), delivery-related
maintenance, and communications. These were valued using
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invoices, payroll records and local tariffs, with staff time con-
verted into cost using average salaries.

Loss-related costs included the value of expired or damaged
products and costs arising from stock-outs (emergency pur-
chases, external referrals). These were estimated based on ac-
quisition values and substitution or deferred-care costs.

Opportunity costs corresponded to the time health staff de-
voted to logistics instead of clinical care, valued using the av-
erage hourly wage.

Finally, investment costs covered the depreciation of equip-
ment (vehicles, shelving), calculated using the straight-line
method based on acquisition cost and useful life.

2.5. Measurement of Effects and Effectiveness
Indicators

Effectiveness was assessed using one main composite indi-
cator and complementary secondary indicators.

The primary indicator was the overall availability rate of
essential health commodities, calculated as the mean availa-
bility rate for a basket of tracer products over the study period.

Secondary indicators included:

1) operational performance: proportion of facilities with
no stock-outs during the period; average delivery lead
time;

2) quality: reduction rate of expired or damaged products;

3) acceptability: level of satisfaction among supply-chain
actors (logisticians, facility managers).

2.6. Economic and Statistical Analysis

For the differential cost-effectiveness analysis, mean costs
and effects per facility were first calculated separately for each
zone. The Incremental Cost-Effectiveness Ratio (ICER) was
then computed as:

Mean cost PUSH—Mean cost PULL
Mean effect PUSH—Mean effect PULL

ICER =

A negative ICER indicates that the PUSH strategy is domi-
nant (less costly and more effective).

A one-way sensitivity analysis was performed by varying
the most uncertain parameters (such as the value of time or
unit transport cost) by #20%. A scenario analysis also exam-
ined the impact of including or excluding opportunity costs.

For statistical analysis, comparisons of means (costs, deliv-
ery times) used Student’s t-test, and comparisons of propor-
tions (satisfaction, stock-outs) used the Chi-square test or
Fisher’s exact test, with a significance level of p <0.05. Anal-
yses were conducted using Stata version 14.

2.7. Ethical Considerations

The study received approval from the IRSP Board, which
validated the research protocol in accordance with Beninese
regulations on health research ethics. Administrative authori-
sation was obtained from the Couffo Departmental Health Di-
rectorate. Written or oral informed consent was systematically
obtained from all participants. The confidentiality of financial
data and the anonymity of respondents were strictly ensured.

3. Results

3.1. Sample Characteristics and Comparability
of the Zones

The study included 32 health centres, evenly distributed be-
tween the two health zones. The structural and demographic
characteristics of the ADD (PULL) and KTL (PUSH) zones
were statistically comparable, as shown in Table 1, ensuring
that the differences observed subsequently are more likely at-
tributable to the logistics model rather than to contextual fac-
tors.

Table 1. Comparative characteristics of the ADD and KTL health zones.

Characteristic ABID) Ze (UL

model)
Number of health centres included 16
Mean population served per health centre 29,450 (SD*: £3,200)

Mean distance to the distribution depot (km) 18.70 (SD: +5.20)
Mean number of staff per health centre 8.50 (SD: +1.80)
Mean municipal poverty index 0.45

*SD: Standard deviation
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KTL Zone (PUSH Statistical test (p-value)

model)

16 -

29,226 (SD: +2,980) t=0.21; p=0.837

17.90 (SD: +4.80) t=0.47;p = 0.642

8.70 (SD: +2.10) t=-0.31;p=0.758

0.47 Mann-Whitney U test; p = 0.721
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3.2. Analysis of Logistics Costs between the two models. The PUSH model generated an over-
all saving of 87.80% in total logistics costs compared with the
Cost analysis over the six-month period revealed major dif-  pULL model.

ferences in both the structure and magnitude of expenditure

Table 2. Summary of logistics costs over six months (September 2024 — February 2025) for all facilities (USD).

Cost item ADD Zone KTL Zone Absolute difference  Relative
(PULL) (PUSH) (PUSH - PULL) change
Direct transport costs (vehicle hire + fuel) UsD 777.83 USD 250.00 -USD 527.83 —67.90%
Remuneration for logistics operations (per diems, overtime) USD 290.00 USD 640.00 +USD 350.00 +120.70%
Regulation and readjustment costs (returns, corrective trips) USD 120.83 USD 153.00 +USD 32.17 +26.60%
Value of economic losses (expired/damaged products and USD 7,333.33 USD 0.00%* _USD 7,333.33 100%
stock-out costs®)
SUBTOTAL (accounted costs) USD 8,522.00 USD 1,043.00 -USD 7,479.00 —87.80%
Estimated opportunity cost* (value of lost clinical staff time) ~USD 3,500.00 ~USD 640.00 -USD 2,860.00 —81.70%

* Estimated on the basis of 18.50 days per facility per month devoted to logistics under PULL versus 1 day under PUSH, valued using the
average salary.

** Stock-out costs are incorporated into the value of alternative purchases and deferred care. Under the PUSH model, these costs were negli-
gible and not recorded.

Analysis at facility level further refines this comparison. The mean monthly logistics cost per health centre was significantly
lower in the PUSH zone.

Table 3. Mean monthly logistics costs per health centre (USD).

Cost indicator ADD Zone (PULL) Mean (* KTL Zone (PUSH) Difference (PUSH -  p-

SD) Mean (£SD) PULL) value
Total operational cost (excluding USD 12.71 (0.76) USD 10.86 (+0.17) _USD 1.85 0,018
losses and opportunity cost)
Transport cost per kilometre USD 1.33/km (£0.14) USD 0.30/km (£0.01) —USD 1.02/km <0,001
Time devoted to logistics operations 18.50 days/month (%2.10) 1.00 day/month (£0.20) —17.50 days/month <0,001

3.3. Analysis of Effectiveness Indicators

The PUSH model demonstrated superior performance across all selected effectiveness indicators. Availability of essential
commodities increased, stock-outs were reduced, and stakeholder satisfaction was significantly higher.

Table 4. Comparison of effectiveness indicators between the PUSH and PULL models.

Effectiveness indicator ADD Zone (PULL) KTL Zone (PUSH) Effect measure 95% CI / p-value

1. Product availability

95% Cl: [1.72%;

ilabili 0, 0, i . 0
Availability rate of tracer products 94.16% 98.80% Difference: +4.64% 7.56%]: p = 0.003

2. Operational performance
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Effectiveness indicator ADD Zone (PULL) KTL Zone (PUSH) Effect measure 95% CI / p-value
% of health structures with no 95% Cl: [1.22;
0, 0, =

stock-outs (6 months) 9/17 (52.94%) 15/17 (88.23%) OR = 6.67 36.35]: p = 0.028

. . . ) 95% CI: [-15.10; -
Mean delivery lead time 20.90 days (+=1.60)  8.20 days (+1.30) Difference: —12.70 days 10.30]; p < 0.001
3. Loss management

. . 95% CI: [-34.10%; —
0, 0, . 0, ’

Rate of expired/damaged products 36.27% 14.98% Difference: —21.29% 8.50%: p = 0.004
4. Stakeholder satisfaction
0 - e o (1 .
% of satisfied actors (logisticians, 6/17 (35.30%) 12117 (70.60%) OR = 4.40 95% ClI: [1.04;

facility managers) 18.60]; p =0.044

OR: Odds Ratio
Health structures: health centres and zonal distribution depot

3.4. Differential Cost-Effectiveness Analysis

The calculation of incremental cost-effectiveness ratios (ICERS) forms the core of the economic analysis. For the primary
outcome (availability rate), the PUSH model proved to be dominant.

Table 5. Incremental Cost-Effectiveness Ratios (ICERs) of the PUSH versus PULL model.

Incremental cost per  Incremental

Effectiveness measure (unit) centre per month effect (PUSH e e

Interpretation

(PUSH — PULL) —PULL) fect)
. DOMINANT (Less
0,
Availability rate (%) —-USD 1.85 +4.64% US.D 040 per % point costly and more
gained .
effective)
Probability of avoiding a stock-out (per-_ )qp 4 gg +35.29 points  USD 0.05 per point gained  DOMINANT
centage points)
Reduction in delivery lead time (days) —-USD 1.85 —12.70 days USD 0.15 per day gained Highly favourable
Increase in satisfaction (percentage _USD 1.85 +35.30 points  USD 0.05 per point gained  DOMINANT

points)

Graphical interpretation of dominance

Cost-Effectiveness Plane of PUSH vs PULL Models
12.75 { §ULL (ADD)

12.50 A

12.25 A

12.00 A

11.75 A

11.50

11.25 A

Mean Monthly Cost per Centre (USD)

11.00

&UBH (KTL)

94 95 96 97 98 99
Effectiveness (Availability %)

Figure 1. Cost-effectiveness plane of the PUSH and PULL models (Costs expressed in USD; 1 USD = 600 FCFA).
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Figure 1 illustrates the cost-effectiveness plane comparing
the PUSH and PULL supply chain models. The positioning of
the PUSH model in the south-east quadrant indicates that it is
both less costly and more effective than the PULL maodel,
thereby representing a dominant strategy. In contrast, the
PULL model is associated with higher costs and lower effec-
tiveness. This graphical representation provides an initial in-
dication that the PUSH model delivers superior economic and

operational performance, justifying its consideration as a pre-
ferred option for health commodity supply chain management.

3.5. Sensitivity Analysis

To assess the robustness of the conclusions, a one-way sen-
sitivity analysis was performed by varying key cost parame-
ters by #220%.

Table 6. Sensitivity analysis of the acceptability of the PUSH model (USD).

ICER range* (USD per % of

Parameter varied (320%) availability gained)

Logistics staff costs (per diems)  —0.48 to —0.32
Unit transport cost -0.51t0-0.29
Value assigned to clinical staff 06710-013

time (opportunity cost)
Discount rate (0%-5%)
* Base-case ICER =-0.40 USD per % (—239 FCFA +-600)

Negligible impact (< 2%)

Sensitivity-analysis conclusion:

Across all tested scenarios, including the most unfavoura-
ble, the PUSH model consistently retains its status as a domi-
nant strategy. Its economic advantage is particularly strength-
ened when the opportunity cost of health-care workers’ time
devoted to logistics under the PULL model is internalised.

These robust findings demonstrate that the transition from
the PULL to the PUSH model in Couffo Department repre-
sents an efficient allocation of resources, generating both sub-
stantial efficiency gains and net financial savings for the
health system.

4. Discussion

This study provides empirical evidence of the economic and
operational gap between the PUSH and PULL logistics mod-
els as implemented in Couffo Department, Benin. The main
findings, including economic gains, system-level performance
improvements, limitations and direct policy implications, are
discussed below.

4.1. Economic Dominance of the PUSH Model:
An Efficient Restructuring of Costs

The analysis demonstrates that the PUSH model is econom-
ically dominant, generating a net saving of 87.8% in total lo-
gistics costs while simultaneously improving outcomes. This
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Conclusion

PUSH remains dominant (ICER always negative).

PUSH remains dominant and the variation strengthens its cost-ef-
fectiveness.

Including opportunity costs makes PUSH even more dominant.

Results remain stable over time.

dominance results from a profound restructuring of cost com-
ponents.

The first lever is the radical optimisation of transport costs,
with a 77% reduction in cost per kilometre (from USD 1.33 to
USD 0.30 per km). This outcome is a direct consequence of
the shift from decentralised and fragmented logistics (PULL)
to a centralised and planned distribution system (PUSH) con-
solidated through the zonal distribution depot. This flow con-
solidation is a core principle of logistics efficiency in re-
source-constrained settings [1, 5]. Similar studies in Tanzania
and the Democratic Republic of the Congo have shown that
optimising distribution models and consolidating flows can
substantially reduce logistics and system costs [9, 10, 14].

The second lever is the near-elimination of losses associ-
ated with stock-outs, estimated at USD 7,333 over six months.
This figure captures not only the value of products purchased
urgently at higher prices but also the indirect costs of delayed
care and unnecessary referrals. These findings are consistent
with evidence showing that PUSH systems significantly re-
duce both the frequency and the economic impact of stock-
outs, notably in Senegal, where the informed push approach
dramatically reduced contraceptive stock-outs [6, 8]. By rely-
ing on forecasting and consumption data, the PUSH model
therefore mitigates this form of systemic waste.

Finally, the formalisation of personnel costs under the
PUSH model (+120.7%) represents a necessary and poten-
tially efficient externalisation of logistics functions. Our esti-
mates indicate that the opportunity cost of clinical staff time
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devoted to logistics under PULL is far greater than the addi-
tional wage costs of the PUSH system. Yadav (2015) high-
lights this “invisible and non-specialised workforce” as a key
driver of supply-chain underperformance [1]. By reallocating
logistics tasks to dedicated professionals, the PUSH model en-
ables task specialisation and frees valuable clinical time, a ma-
jor benefit for quality of care, even if it is difficult to monetise
fully [15]. This task reallocation aligns with broader efforts to
improve health-system quality, in which the availability of in-
puts and the organisation of support functions are fundamental
determinants of care performance [15].

4.2. Operational Superiority: Towards a More
Resilient Health System

The PUSH model generates system-wide improvements, as
reflected in all effectiveness indicators.

The increase in product availability (+4.6 percentage points,
reaching 98.8%) is the most striking result. In high-burden set-
tings, uninterrupted access to essential medicines (antimalari-
als, antibiotics, reproductive-health products) is a critical de-
terminant of health outcomes. Multicentre analyses have
shown that medicine availability varies widely across sectors
and strongly conditions effective access to treatment, particu-
larly in low- and middle-income countries [3]. Furthermore,
the overall effectiveness of chronic-disease management in
sub-Saharan Africa remains constrained by structural and or-
ganisational failures, among which continuous access to in-
puts is a key factor [16]. Through its proactive, data-driven
and forecast-based approach, the PUSH model moves the sys-
tem closer to the goal of “zero stock-outs” for critical products,
consistent with the strengthening of primary health care and
improved equitable access to essential commodities [4, 13].

The sharp reduction in delivery lead times (from 20.9 to 8.2
days) enhances system resilience and responsiveness, which
is particularly important for managing health emergencies.
Recent work on vaccine supply-chain improvements in Zam-
bia has shown that reorganisation of processes and manage-
ment tools can substantially improve facility-level perfor-
mance and availability [17], while large-scale supply-chain re-
forms in Zambia have demonstrated major gains in availabil-
ity and efficiency [8]. This operational gain is directly attribut-
able to centralised planning and disciplined route execution,
core features of the PUSH model.

The increase in stakeholder satisfaction (OR = 4.40) reflects
a reduced operational burden. It indicates a decline in the cog-
nitive load and stress associated with managing shortages un-
der the PULL model. Actors who are satisfied and confident
in the supply system are better able to focus on clinical tasks
and deliver high-quality care. This human dimension of logis-
tics performance is consistent with health-system quality
frameworks, which emphasise the importance of organisation,
reliability and the working environment for producing high-
quality care [15]. Moreover, a structured and predictable sup-
ply system supports the strengthening of primary health care

by reducing dysfunctions that undermine effective service de-
livery [4].

4.3. Study Limitations and Robustness of the
Conclusions

This study has limitations inherent to its design. Its cross-
sectional and observational nature allows the identification of
strong associations but does not permit definitive causal infer-
ence, despite the quasi-experimental configuration and the
comparability of the two zones. The six-month analysis period,
although sufficient to capture full supply cycles, does not re-
flect longer-term effects such as full equipment depreciation
or changes in practices over time. Finally, the use of interme-
diate logistics performance indicators, although validated [18],
does not directly measure ultimate population health out-
comes.

However, the one-way sensitivity analysis confirms the ex-
ceptional robustness of the main conclusions. Varying the
most uncertain cost parameters (staff costs and unit transport
costs) by #20% never challenges the dominant status of the
PUSH model. The Incremental Cost-Effectiveness Ratio
(ICER) for availability remains consistently negative, ranging
from —USD 0.48 to —USD 0.29 per percentage point gained.
This resistance to parameter uncertainty substantially
strengthens the credibility of the results for decision-making
[12].

4.4. Policy Implications for Strengthening the
Beninese Health System

The policy implications of these robust findings are direct
and compelling. Scaling up the PUSH model nationally repre-
sents a high-return strategic investment for the Beninese
health system. The quantified results provide the missing eco-
nomic justification for prioritising this reform.

In practical terms, this implies:

1) A phased deployment plan, prioritising areas with the
highest stock-out prevalence and the highest logistics
costs under the PULL model.

2) Targeted investment in human and material capital:
training dedicated logisticians and acquiring an opti-
mised distribution fleet are prerequisites whose return on
investment is clearly demonstrated, in line with evidence
showing that optimised models reduce system costs and
improve availability [9, 10, 14].

3) Systematic integration of the model into health planning
and financing instruments, including the National Health
Development Plan [19] and procurement plans of tech-
nical and financial partners.

This reform is fully aligned with the goal of strengthening
primary health care and progressing towards universal health
coverage by ensuring equitable and reliable access to essential
health commadities [4]. It represents a concrete application of
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resource optimisation in a constrained health system, demon-
strating that efficiency and effectiveness can be improved sim-
ultaneously.

5. Conclusion

This cost-effectiveness analysis demonstrates that the
PUSH logistics model is a dominant strategy compared with
the PULL model in resource-limited health-system settings, as
observed in Couffo Department, Benin. The findings reveal
clear economic and operational superiority: PUSH reduces to-
tal logistics costs by 87.8%, improves the availability of es-
sential commodities (98.8% versus 94.16%), reduces stock-
outs and increases stakeholder satisfaction. These gains are
driven by transport optimisation, centralised planning and loss
reduction. Sensitivity analysis confirms the robustness of
these conclusions. Consequently, scaling up the PUSH model
nationally represents a strategic and cost-effective investment
for optimal allocation of Benin’s health-System resources.
This reform offers a practical opportunity to improve effi-
ciency while ensuring reliable access to health commaodities,
supporting the achievement of universal health coverage.

Despite the robustness of the findings, further large-scale
and potentially multicentre studies conducted over longer pe-
riods, and involving multiple public health disciplines—in-
cluding health economics and socio-anthropology—will be
necessary to confirm these results and, above all, to support
the sustainability and consolidation of the deployment of the
PUSH model adopted by Benin.
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